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ABSTRACT
The e f f e c t  o f  m o le c u la r  m o d if ic a t io n  on th e  k i n e t i c s  o f  
a b s o r p t io n , d i s t r i b u t i o n ,  m eta b o lism  and e x c r e t io n  o f  s e l e c t e d  
carb am ates i  has b een  in t e r p r e t e d  in  terras o f  ch an g es in  p h y s ic o ­
c h e m ic a l p r o p e r t ie s .
The u se  o f  a s e r i e s  o f  a l i p h a t i c  hom ologues o f  g e n e r a l  
s t r u c t u r e  R-O-CO-NILj was th e  b a s i s  f o r  t h i s  work s in c e  th e s e  
compounds show r e g u la r  in c r e m e n ta l ch an ges in  t h e i r  a p p a ren t  
p a r t i t i o n  c o e f f i c i e n t s ,  aqueous s o l u b i l i t i e s ,  and a b i l i t y  to  b in d  
w ith  m a cro m o lecu le s . M o d if ic a t io n  o f  th e  R group (e g  b r a n c h in g  o f  
th e  a l i p h a t i c  s id e  c h a in  o r  in t r o d u c t io n  o f  an a ro m a tic  group ) 
and N -m e th y la t io n  have a l s o  b een  s t u d ie d  a s  in d ep en d a n t f a c t o r s  
to  e lu c id a t e  th e  r o l e  o f  a d d it io m J p h y s ic o -c h e m ic a l f a c t o r s .
The i n t e s t i n a l  a b s o r p t io n  o f  th e  hom ologous s e r i e s  was 
in v e s t ig a t e d  u s in g  b o th  in  v i t r o  and in  s i t u  t e c h n iq u e s .  An 
in c r e a s e  in  a b s o r p t io n  r a te  was o b se r v e d  when th e  c h a in  le n g t h  
was in c r e a s e d  from m eth y l to  n - b u t y l .  F u rth er  in c r e a s e  in  th e  c h a in  
le n g t h  r e s u l t e d  in  a f a l l  in  th e  a b s o r p t io n  r a t e .  The a b s o r p t io n  
p r o c e s s  ap p eared  to  be p a s s iv e  and no m etab o lism  by th e  g u t  w a ll  
was" d e t e c t e d .  High t i s s u e  l e v e l s  o f  carbam ate w ere found  u s in g  th e  
in  v i t r o  sy ste m ; e s p e c i a l l y  w ith  th e  more l i p o p h i l i c  c a r b a m a te s .  
T h is phenomenon was n o t  ap p a ren t u s in g  th e  in  s i t u  p r o c e d u r e . A
s i m i l a r inl i p o p h i l i c i t y  p a r a b o la ” was e s t a b l i s h e d  w ith  a s e r i e s  o f
;;
N -m eth y la ted  ca rb a m a tes . T hese r e s u l t s  have b een  d is c u s s e d  in  term s  
o f  a two' com partm ent m odel where b o th  a h y d r o p h i l ic  b a r r ie r  and a 
l i p o i d a l  membrane c o n t r o l  th e  r a te  o f  i n t e s t i n a l  a b s o r p t io n .
The g a s t r i c  a b s o r p t io n  o f  th e  same two s e r i e s  o f  carb a m a tes  
h as been  s tu d ie d  in  s i t u  .  A good l i n e a r  c o r r e la t io n  b etv /een  th e
a b s o r p t io n  r a te  c o n s ta n t  and th e  p a r t i t i o n  c o e f f i c i e n t  o v e r  a ran ge  
o f  0 .1  to  1000 was fo u n d . T h is h as b een  c o n tr a s te d  w ith  th e  a b s o r p t io n  
tr e n d s  o b serv ed  w ith  th e  s m a ll  i n t e s t i n e  and i t  w ould ap p ear th a t  
th e  r o l e  o f  th e  h y d r o p h il ic  b a r r ie r  i s  n o t as marked in  c o n t r o l l i n g  
a b s o r p t io n  r a t e s  from th e  stom ach  a s  i t  i s  in  th e  in t e s t i n e .F u r t h e r  
com p arison  b etw een  th e  two o rg a n s have been  made w ith  r e s p e c t  to  
- th e  r o l e  o f  s t e r i c  f a c t o r s  and hydrogen  b on d in g  and to  th e  e f f e c t  
o f  th e  n o n - io n ic  d e te r g e n t  Tween 8 0 .
The i n t e s t i n a l  a b s o r p t io n  b e h a v io u r  o f  th e  weak a c i d i c  drug  
C arbenoxolone was a l s o  found  to  co n firm  to  th e  ”l i p o p h i l i c i t y  
p a r a b o la ” .
A p h a rm a co k in e tic  p r o f i l e  o f  two carbam ate i n s e c t i c i d e s  -  
C arbary1 and L andrin  - h as b een  c a r r ie d  o u t .  D e s p ite  t h e i r  s i m i l a r  
p a r t i t i o n i n g  p r o p e r t ie s  and a b s o r p t io n  r a t e s ,  t h e s e  two compounds 
showed v e r y  d i f f e r e n t  d i s t r i b u t i o n  and m eta b o lism  k i n e t i c s . ,  C om parison  
o f  th e  h a l f - l i v e s  o f  e l im in a t io n  o f  carbam ate from  p lasm a w ith  h a l f -  
l i v e s  o f  CO^  p r o d u c tio n  showed t h a t  h y d r o ly s is  o f  th e  carbam ate  
m o ie ty  p ro ceed ed  th rou gh  a t  l e a s t  one in t e r m e d ia t e .
To G i l l  and 
my p a r e n ts
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GENERAL INTRODUCTION
A. PHYSICO-CHEMICAL ASPECTS OF DRUG ACTION
There are two fa c e ts  to  the problem o f  b iochem ical and p h y s ic a l  
asp ects  o f drug a c tio n  -  the in flu e n c e  o f  drugs on the body and th e  
in f lu e n c e  o f  the body on drugs (Brodie and Hogben, 1957). To be 
e f f e c t i v e ,  a drug must n o t on ly  be capable o f  b ind ing to  a p a r t ic u la r  
recep tor  s i t e  bu t must p o ssess  c h a r a c te r is t ic s  which enable i t  to  reach  
i t Ts o b je c t iv e  in  an adequate co n cen tra tio n . This l a t t e r  a sp ec t o f  
drug a c tio n  w i l l  in  p art be dependent upon the p h ysico -ch em ica l prop­
e r t i e s  o f  the drug.
i /  In trod u ction  to  the P rocesses governing Drug L evels in  th e Body
I t  i s  u su a lly  n o t p o s s ib le  to  assay  the drug a t i t f s s i t e  o f  
a c tio n  but i t  i s  p o s s ib le  to  measure the l e v e l  o f  drug in  th e plasm a. 
Since the plasma i s  a p h y s io lo g ic a l medium o f  exchange between the  
t i s s u e s ,  the le v e l  o f a drug in  the plasma may be con sid ered  as a 
measure o f  the con cen tra tion  o f drug a v a ila b le  to the lo c a le  o f  a c t io n .  
The fa c to r s  which w i l l  a f f e c t  the plasma le v e ls  o f a drug are d ep ic ted  
in  the fo llo w in g  scheme.
Locus o f  A ction
A
A bsorption —---- ^
Drug bound to plasma p ro te in s  
Drug fr e e  in  plasma
E lim in a tio n
T issu e
This model en v isa g es  the body as a c o l le c t io n  o f sep ara te  compartments, 
each con ta in in g  some fr a c t io n  o f  the adm in istered  dose o f drug.
The tr a n sfe r  from one compartment to  another i s  a s so c ia te d  w ith  a 
s p e c i f i c  ra te  con stan t the magnitude o f  which determ ines how f a s t  the
i • ■
tr a n sfe r  w i l l  occur. In gen era l th ese  tr a n sfer  r a te s  have been found 
to  obey f i r s t  order k in e t ic s  (N elson , 1960; R iggs, 1963) where the ra te  
con stan t i s  a p r o p o r t io n a lity  con stan t between th e tran sp ort ra te  and 
the con cen tra tion  o f  drug.
In order to  gain  access  to i t ' s  s i t e  o f  a c tio n  a drug must 
p en etra te  a su c c e ss io n  o f  body membranes. The im portance o f  l i p i d  
s o lu b i l i t y  and the degree o f  io n is a t io n  o f a drug in  c o n tr o ll in g  p ass­
iv e  d if fu s io n  and oth er tran sp ort p ro cesses  w i l l  be considered  in  the  
subsequent s e c t io n  on g a s t r o in te s t in a l  ab sorp tion . The b a s ic  p r in c ip le s  
o f  tr a n s lo c a tio n  across a l l  b io lo g ic a l  membranes are thought to be very  
s im ila r  (Schanker, 1962).
A ll  d is tr ib u t io n  p ro cesses  are r e v e r s ib le  and the drug in  th e  
blood  e x i s t s  in  d if fu s io n  eq u ilib r iu m  w ith  the drug in  o th er body 
f lu id s .  C onsequently changes in  th e  b lood  con cen tra tion  o f a drug are 
in d ic a t iv e  o f  con cen tra tion  changes in  o th er t is s u e s  (in c lu d in g  the  
a c t iv e  drug s i t e ) .
E lim in ation  p ro cesses  are by d e f in it io n  ir r e v e r s ib le .  The e l im i­
n a tion  ra te  con stan t (K ^ ) o f .a  drug rep resen ts  the sum o f each r a te  
con stan t a s so c ia te d  w ith  the lo s s  o f -a c t iv e  drug from the body. There­
fo re  i t  in c lu d es  e x c r e tio n  r a te  con stan ts (K^) for  th e  in ta c t  drug and 
m etabolism  ra te  con stan t (K^) -
h i  m h : + >
. . v  . . .Blood co n cen tra tion -tim e cui^s may g iv e  a f a l s e  im p ression  as to
the amount o f  drug a v a ila b le  to produce a th era p eu tic  response in  view  
o f  th e phenomenon o f  plasma p r o te in  b in d in g . Only the unbound drug i s  
a v a ila b le  fo r  d if fu s io n  out o f the b lood  fo r  recep to r  s i t e  in te r a c t io n  
and fo r  the body p ro cesses  o f m etabolism , e x c r e t io n  and d is t r ib u t io n .  
Plasma p r o te in  b in d in g  w i l l  be d iscu ssed  in  d e t a i l  in  s e c t io n  C o f  th is  
chap t e r .
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As s ta te d  e a r l ie r  the tim e .co u rseo f a drug's a c t io n  w i l l  be 
dependent upon the p h ysico -ch em ica l p r o p e r tie s  o f  the drug which con­
t r o l  the ex te n t and the r a te  a t which th e above p ro cesses  occur. When 
a drug i s  adm in istered  o r a lly  (or by alm ost any oth er route o th er  than 
in tra v en o u s ly ) an absorption  s tep  co n tro ls  the ra te  o f  en try  in to  the  
body. M anipulation o f  the dosage form can markedly a f f e c t  the ra te  o f  
appearance o f  the drug in  the b lood  system  (Levy and N elson , 1961) by 
a lt e r in g  the i n t r i s i c  p erm ea b ility  c h a r a c te r is t ic s  o f  the drug. The 
con cen tra tio n  o f  drug in  th e body a t any time fo llo w in g  each dosing w i l l  
r e s u l t  from the d if fe r e n c e  between th e appearance (ab sorp tion ) and d is ­
appearance (e lim in a tio n ) o f  the drug. The m o d ific a tio n  o f the former 
p rocess by a lt e r in g  the p h ysico -ch em ica l p ro p er tie s  o f  the dosage form 
i s  the b a s is  o f  new branch o f m edical s c ie n c e  termed "Biopharm aceutics"  
(Wagner, 1961).
i i /  S tr u c tu r e -A c t iv ity  R ela tio n sh ip s
S tr u c tu r e -a c t iv i ty  s tu d ie s  have been fundamental in  the r a t io n a l  
e v o lu tio n  o f new drugs, e i th e r  from f i r s t  p r in c ip le s  or by th e  p e r fe c t io n  
o f  chance d is c o v e r ie s  (A lb ert, 1971). Such in v e s t ig a t io n s  have provided  
in form ation  on recep to r  s i t e s  and th e  mechanism o f  a c t io n  o f  drugs (Van 
Rossum, 1963). Furthermore, s t r u c tu r e -a c t iv i ty  s tu d ie s  can b e r e la te d  
on a m athem atical b a s is  by the use o f  m u ltip le  r e g r e ss io n  a n a ly s is .  
M athem atical ex p ressio n s c o r r e la t in g  the change in  b io lo g ic a l  response  
fo r  a s e t  o f congers w ith  fr e e  en e r g y -r e la te d  param eters have been  
p a r t ic u la r ly  s u c c e s s fu l (Hansch, 1971; V erloop , 1973).
Early approaches to  s t r u c tu r e -a c t iv i ty  r e la t io n s h ip s  were cen tred  
on th e phenomenon o f n a r c o s is . Overton (1 9 0 1 ), Meyer (1899) and Meyer 
and Hemmi (1935) r e la te d  n a r c o t ic  a c t iv i t y  to  p a r t i t io n  c o e f f i c ie n t s  and 
proposed th a t n a rco s is  occurred when a d e f in i t e  molar co n cen tra tio n  was 
reached in  th e r e c e p t iv e  l ip id  b iop h ase . Ferguson (1939) a p p lied  therm­
odynamics to  the problem o f  n a rco s is  and su ggested  th a t an eq u ilib r iu m  
e x i s t s  between th e  e x tr a c e llu la r  phase and the recep to r  s i t e  such th a t  
substances p resen t a t  the same p ro p o rtio n a l sa tu r a tio n  in  a g iven  medium 
have the same degree o f  b io lo g ic a l  a c t io n . Brink and Posternak (1948) 
m odified  th is  h y p o th esis  and s ta te d  "equal degrees o f n a r c o s is  are pro­
duced by about equal thermodynamic a c t iv i t i e s " .  This g e n e r a lis a t io n
d if f e r s  from e a r l ie r  th e o r ie s  in  th a t i t  does n ot req u ire  any s p e c i f i c  
mechanism o f  a c t io n .
McGowan (1952) r e la te d  the b io a c t iv i t y  o f  organ ic  compounds to  
th e ir  s i z e  and Mullens (1954) examined th is  problem by u sing  the so lu ­
b i l i t y  param eter concept in troduced  by Hildebrand and S c o tt  (1962). 
M ullens concluded th a t n a r c o s is , by chem ica lly  in e r t  m o lec u les , took  
p la c e  when a constant fr a c t io n  o f  the t o t a l  volume o f  some non-aqueous 
phase in  the c e l l  was occupied  by n a r c o tic  m o lecu les . I f  the n a r c o t ic  
behaved id e a l ly  in  the b iop h ase , the thermodynamic a c t iv i t y  m u lt ip lie d  
by th e  volume fr a c t io n  o f  the n a r c o t ic  was co n sta n t. H igher va lu es o f  
thermodynamic a c t iv i t y ,  which occurred when a homologous s e r ie s  was 
ascended, were a ttr ib u te d  to  an in cr ea se  in  the a c t iv i t y  c o e f f i c ie n t  
o f the n a r c o t ic  in  the b iop h ase .
By fa r  the most w id e ly 'known’and employed lin e a r  free -e n e rg y  
approach to  s t r u c tu r e -a c t iv i ty  c o r r e la t io n  i s  th a t o f Hansch (1971 ). 
C orre la tio n  between b i o lo g i c a l ' response and chem ical s tr u c tu r e  has 
been ach ieved  w ith  a grea t many d iv e r se  system s u sin g  th ree  para­
m eters: hydrophobic, e le c tr o n ic  and s t e r i c .  I t  i s  recogn ised  th a t there  
i s  co n sid era b le  overlap  in  th ese  c la s s e s .  The p a r t it io n  c o e f f i c i e n t  o f  
a drug between octa n o l and w ater has been taken as an o p era tion  d e f in i ­
t io n  o f  r e la t iv e  hydrophobic ch a ra cter . This i s  con sid ered  to be a 
measure o f  th e  way a drug w i l l  d is t r ib u te  i t s e l f  between aqueous and 
hydrophobic phases in  l iv in g  t is s u e  a t both  the macro (eg f a t  d ep ots) 
and m olecular (eg p ro te in s  and enzymes) l e v e l .  E le c tr o n ic  e f f e c t s  are 
more s p e c i f i c  and r e la t e  to  th e type o f  receptor/enzym e in te r a c t io n  
which may be e i th e r  e le c tr c s ta t ie  in  nature or th a t in v o lv ed  in  co v a len t  
bond form ation . S te r ic  e f f e c t s  are q u ite  s p e c i f i c  and d ir e c t io n a l  in  
nature and may be in tr a  or in term o lecu la r  in  o r ig in  or a com bination o^- 
both . In fr e e  energy terms the b io lo g ic a l  response (BR) can be 
fa c to red  as fo llo w s -
A G  = A G + A.G + A G
BR HYDROPHOBIC ELECTRONIC STERIC
R e la t iv e ly  few examples are a v a ila b le  where i s  n ecessa ry  to use  
a l l  three fa c to r s  (Hansch, 1971). In a g rea t number o f cases the  
c o n tr ib u tio n  o f  AG and AG _ can be taken as zero (Hansch
XiLJcjLlKUW LKj  blLK-LL
and Dunn, 1972). There are few er cases where AGW can be
H i DROP H0J31 L
taken as zero (Hansch, 1971).
Hansch and Dunn (1972) have shown th a t b io lo g ic a l  a c tio n s  of
' ' ' *
many compounds can be c o r r e la te d  w ith  the sim ple equation  -
lo g  1  = : a lo g  P . + b
c .
where c i s  the co n cen tra tion  o f compound n ecessary  to produce the  
b io lo g ic a l  a c t io n . When the s lo p e  (a) o f such equations approach 
u n ity  one can p o s tu la te  th a t the b io lo g ic a l  p rocess i s  m ediated through  
a membrane and on ly  a o n e-step  p a r t it io n  in v o lv e d .
However one can n ot exp ect a l in e a r  r e la t io n s h ip  to e x i s t  b e t ­
ween drug response and lo g  P ad in fin itu m . I t  has been proposed  
th a t drugs reach th e ir  s i t e  o f  a c t io n  by a "random walk" p rocess  
(P en n iston , e t _ a l ,  1969). During th is  p rocess they may a c t r e v e r s ib ly  
or ir r e v e r s ib ly  w ith  p r o te in s , l i p i d s , w ater and oth er c e l lu la r  con­
s t i t u e n t s  b e fo re  e v e n tu a lly  reaching th e ir  s i t e  o f  a c t io n . T herefore  
as- P approaches i n f i n i t y ,  b in d in g  o f the drug to the f i r s t  p r o te in  or 
l i p i d  phase w ith  which i t  comes in  co n ta ct w i l l  be very firm . Thus 
the drug which w i l l  n o t r e a d ily  cross aqueous phases tends to  l o c a l i s e  
in  th is  f i r s t  l ip o p h i l ic  phase. C onversely as P approaches zero , the  
drug becomes so w ater so lu b le  th a t i t  tends to  lo c a l i s e  in  th e f i r s t  
aqueous phase in to  which i t  i s  p la ce d . Somewhere between zero and 
i n f in i t y  there w i l l  be a va lu e o f  P where th ere  w i l l  be l e a s t  hindrance 
in  the random walk o f  a drug through m acrom olecules to  th e s i t e  
o f  a c tio n : th is  va lu e  i s  c a l le d  lo g  P^. Thus we would p r e d ic t  a para­
b o l ic  r e la t io n s h ip  between lo g  P and b io lo g ic a l  a c t iv i t y .  Numerous 
examples have been r e c e n t ly  quoted by Hansch and C layton (1973) which  
f i t  the equation  -
2lo g  _1 = a lo g  P + b lo g  P + c
c \
One o f th e  most u se fu l fe a tu res  o f  p a r t i t io n  c o e f f i c ie n t s  fo r
s tr u c tu r e -a v t iv i ty  a n a ly s is  i s  i t ' s  a d d it iv e  ch a ra cter . Kansch. uses th e
th e  term TT fo r  ea ch  s u b s t itu e n t  group Cog» a m ethyl, c h lo r in e  or
hydroxyl group) p resen t on a parent m olecule where TT i s  derived  from
th e  d if fe r e n c e  between the logarithm s o f  the p a r t i t io n  c o e f f i c i e n t s  o f
the d e r iv a tiv e  Q og P ) and parent m olecule Clog P „ ) .x  H.
TT = lo g  Px -  !° g
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tt values have been determine^ for a great number of su b sti­
tuents using a variety  of d ifferen t parent molecules (Fujita , e t  a l , 
1964; Iwasu, e t  a l 1964).
Very few s tu d ie s  have been reported  w herein the goa l was to  
d efin e  s u b s t itu e n t  group e f f e c t s  on the t o t a l  drug-body in te r a c t io n ,  
in c lu d in g  n o t on ly  b io lo g ic a l  response but a lso  c o r r e la t io n s  between  
observed pharm acological e f f e c t s  and the ab sorp tion , d is t r ib u t io n  and 
e lim in a tio n  o f the d e r iv a t iv e s .  In v e s t ig a t io n s  o f th is  type would be  
o f  immense va lu e  in  drug d esign  and new th era p eu tic  agents could  be  
s e le c t e d  on the b a s is  o f  p o s se s s in g  the d es ired  pharm acokinetic  
p r o f i l e  in  a d d itio n  to  t h e ir  in t r i n s ic  a f f in i t y  fo r  the recep to r  s i t e .
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B. GASTROINTESTINAL ABSORPTION OF DRUGS
1. ABSORPTION MECHANISMS •
The g a s t r o in te s t in a l  mucosa i s  a sem i-perm eable membrane across  
which i s  transported  various n u tr ie n ts  as w e ll  as compounds fo re ig n  to  
the body. These compounds are absorbed by one or more o f  the fo llo w in g  
mechanisms -  p a ss iv e  d if fu s io n ,  a c t iv e  tra n sp o r t, f a c i l i t a t e d  d if fu s io n  
and c o m e c t iv e  (pore) d if fu s io n .
H is t o r ic a l ly ,  in t e r e s t  in  the passage o f  substances in  and out o f  
c e l l s  was in te n t  in  e lu c id a t in g  the s tru c tu re  o f  c e l lu la r  membranes 
(O verton, 1899 ' C ollan d er, 1949). The dem onstration o f  a sy stem a tic  
r e la t io n s h ip  between a n e s th e t ic  potency and o il-w a te r  p a r t it io n  
c o e f f i c ie n t s  by Overton (1899, 1901) and the c o r r e la t io n  between the  
p erm ea b ility  o f  p la n t c e l l s  to  v a r io u s •organ ic m olecules and th e ir  par­
t i t io n in g  p ro p er tie s  (C ollander and Barlund, 1933 and 19 3 7 ), le d  to  the  
view  th a t the c e l l  boundary was e s s e n t i a l l y  lip id  in  nature d isp ersed  w ith  
sm all aqueous channels (Hob.er and Hob.er, 1937; C ollan d er, 1949). Comparison 
o f  the su rface  area o f  red b lood  c e l l s  w ith  the q u a n tity  o f  l ip  id  ex tr a c te d  
from them su ggested  to  G orter and G rendel (1925) th a t the l ip  id  in  the  
c e l l  must e x i s t  as a b im olecu lar la y e r . L ater on the b a s is  o f  su rfa ce  
te n s io n  s tu d ie s  D a n ie l l i  and Harvey (1935) p o stu la ted  th a t the hydrocarbon  
s u r fa c e , assumed to  be the b a s is  o f  the c e l l  membrane was covered by a 
la y e r  o f  p r o te in . These co n sid era tio n s  le d  to  the D a n ie lli-D a v so n  (1935,
1952) theory th a t the l i p i d s  o f  the c e l l  membrane are arranged in  a 
b im olecu lar la y e r  covered on the o u ts id e  and in s id e  w ith  a la y e r  o f  p a r t ly  
unfolded  p r o te in s . In 1957 Robertson summarised a s e r ie s  o f  newer ob ser­
v a tio n s  on c e l l  membranes on the b a s is  o f  w hich , he m od ified  the D a n ie l l i -  
Davson model and proposed the u n it  membrane which he claim ed to  be u n iv e r sa l  
fo r  a l l  b io lo g ic a l  membranes. This h yp oth esis  enjoyed alm ost com plete 
acceptance fo r  s e v e r a l y e a r s , however by the m id-60s the u n iv e r s a l i ty  had 
become s e r io u s ly  ch a llen g ed . Hendler (1971) has r e c e n t ly  review ed the  
ev idence fo r  and a g a in st  the u n it  membrane and has summarised some o f  the  
more recen t a lte r n a t iv e  m odels. However, w h ile  the u n it  membrane model 
does n ot account for  a l l  the data a v a ila b le  on membrane tr a n sp o r t, i t  does 
s a t i s f a c t o r i l y  account fo r  the p erm ea b ility  o f  a la r g e  number o f  compounds 
fo r  which s p e c i f i c  mechanisms o f  a c t iv e  or f a c i l i t a t e d  tran sp ort do n ot  
e x i s t  (L ev in e, 1970).
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P a ss iv e  D iffu s io n
j The m ajority  o f  fo re ig n  compounds are transported  across b io lo g ic a l  
membranes by a sim ple d if fu s io n  p rocess (Schanker, 1962). In the case  
o f the g a s t r o in te s t in a l  tr a c t  d if fu s io n  occurs from a reg ion  o f  h igh  con­
ce n tr a tio n  (lumen) to  a reg ion  o f  low con cen tration  (b lo o d ). According  
to  lic k s  f i r s t  law the ra te  o f  d if fu s io n  (J) i s  dependant upon the  
co n cen tra tion  grad ien t across the membrane(&C ) ,  the area (A) and th ick n ess  
(X) o f  the membrane and the p a r t it io n  o f  the m olecule between membrane and 
aqueous phase (R ):
DRAAC
■ x ■-
The d if fu s io n  c o e f f i c ie n t  (D) i s  d efin ed  as the number o f  moles o f  drug 
th a t d if fu s e  across a membrane o f u n it area in  u n it  tim e when the concen­
tr a t io n  grad ien t equals u n ity . However s in c e  i t  i s  d i f f i c u l t  to  ev a lu a te  
R and X. A p erm ea b ility  con stan t (P) i s  th erefo re  d efin ed  as:
and F ic k ’ s law , in  terms o f p er m e a b ility , becomes 
J = -  PAAC
Since the fo re ig n  compound i s  d is tr ib u te d  in to  a la r g e  volume when 
i t  en ters  the b lood , the con cen tra tion  in  the b lood w i l l  u su a lly  be q u ite  
low w ith  re sp ec t to  the lumen. As a r e s u lt  a la rg e  co n cen tra tio n  gra d ien t  
d r iv in g  fo rce  i s  m aintained during the absorption  p rocess and the r a te  o f  
absorption  i s  f i r s t  order w ith  regard to  the lumenal co n cen tra tio n . The 
f i r s t  order ab sorption  r a te  con stan t w i l l  be a fu n ctio n  o f  p erm ea b ility  o f  
the membrane t o  the so lu te  in  q u estio n  and the area o f  absorbing membrane.
I f  one con sid ers the in t e s t in a l  membrane as an in e r t  b a r r ie r  to  fr e e  
d if fu s io n  and th a t i t s  a b i l i t y  to  r e s t r i c t  or alm ost p reven t the p a s s iv e  
perm eation o f  many compounds i s  due to  the compact arrangement o f  the  
hydrocarbon chains o f  the l i p i d ,  then the ca p a c ity  o f  su bstan ces to  cross  
the membrane would be a fu n ction  o f  th e ir  l iu i .d  s o lu b i l i t y .  This has been  
found in  gen era l to be the case s in c e  r a te s  o f  in t e s t in a l  ab sorp tion  o f  
many compounds can be co rr e la ted  by th e ir  l i p i d  s o l u b i l i t i e s ,  as measured 
by p a r t it io n in g  in to  various organ ic so lv e n ts  (Schanker, 1960). The r o le  
o f  l i p o p h i l i c i t y  in  c o n tr o ll in g  drug absorption  r a te s  from the in t e s t in e  
w i l l  be d iscu ssed  la t e r  in  th is  s e c t io n .
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I t  has been p o s tu la te d  th a t aqueous u n stirred  la y e r s  are p resen t on 
the e x te r io r  su rfa ce  o f  the g a s t r o in te s t in a l  membranes (Suzuki e t  a l ,
1970 a; Ho e t  a l ,  1973). S ince th ese  layers are not in  eq u ilib r iu m  w ith  the  
bulk  so lu t io n  o f  the lumen i t  has been fu rth er  su ggested  th a t they a c t as 
a b a r r ie r  to  d if fu s in g  m oleu les. This type o f  model fo r  g a s t r o in te s t in a l  
absorption  where the absorption  r a te  i s  c o n tr o lle d  by aqueous d if fu s io n  
la y ers  In a d d itio n  to  a l ip o id a l  membrane has been a p p lied  to  absorption  
data from the stom ach, in t e s t in e  (Suzuki, £ t  a l ,  1970b) and b u cca l c a v ity  
(Ho and H iguchi, 1971; Vora et_ a l ,  1972). The e f f e c t  o f  s t ir r in g  in  
reducing the th ick n ess  o f  th ese  aqueous d if fu s io n  la y e rs  has been demon­
s tr a te d  u sin g  a r t i f i c i a l  membranes (Flynn and Yalkowsky, 1972; S te e le  and 
H iguchi, 1972) but n o t in t e s t in a l  membranes (G ibald i and Grundhofer, 1972b) 
I t  i s  c le a r ly  d i f f i c u l t  to  dem onstrate such a b a rr ier  on the in t e s t in a l  
su rface  w ith ou t d estro y in g  i t s  s tru cu ra l in t e g r i t y .
A ctive  Transport
Although most fo r e ig n  compounds are absorbed from the in t e s t in a l  t r a c t  
by d if fu s io n ,  a number o f  l ip id - in s o lu b le  drugs are absorbed by means o f  an 
a c t iv e  tran sp ort mechanism. This i s  a p rocess where compounds are tra n s­
ported  a g a in st  a co n cen tra tion  g rad ien t w ith  the expend iture o f  energy.
The ex a ct mechanism remains unknown but i t  would appear th a t a c a r r ie r  
m olecule (e ith e r  an enzyme or another component o f the mucosa) i s  in v o lv e d .  
The p rogress in  i s o la t in g  and c h a r a c te r is in g  membrane p r o te in s ,  one o f the  
cand idates fo r  th ese  " carriers"  has r e c e n t ly  been review ed by Pardie (1968).
The p h y s io lo g ic a l need fo r  tran sp ort system s fo r  n u tr ie n ts  i s  obvious  
and i t  i s  n o t su r p r is in g  th a t drugs w ith  c lo se  s tr u c tu r a l s im i l a r i t i e s  to  
th ese  normal body c o n s t itu e n ts  are a c t iv e ly  absorbed (Levine and P e lik a n , 
1964). For exam ple, c e r ta in  se r in e  and threon ine d e r iv a tiv e s  o f  n itro g en  
mustard (Evered and R andall, 1962) and d e r iv a tiv e s  o f  u ra c ila n d  thymine 
(Schanker and J e f fr e y ,  1961) have been shown to  be tran sp orted  a g a in s t  the  
con cen tra tion  grad ien t by p ro cesses  th a t tran sport the parent am ino ac id s  
and p yr im id in es, r e s p e c t iv e ly .
Each tran sp ort p rocess appears to  s p e c i f i c  fo r  a p a r t ic u la r  type o f  
chem ical s tru ctu re  (Wiseman, 1962) and o fte n  the s i t e  o f  ab sorp tion  i s  
lo c a te d  in  a lim ite d  segment o f  in t e s t in e  (Lock and W einer, 1961; Levy, 
e t  a l 1972). In h ib it io n  o f a c t iv e ly  absorbed compounds can be co m p etitiv e  
(a lte r n a t iv e  su b s tr a te s )  or n on -com p etitive  (m etab olic  in h ib ito r s  eg  
f lu o r id e s ,  d in itr o p h e n o l) .
'F a c i l i ta t e d  Transport or D iffu s io n
The major d iffe r e n c e  between f a c i l i t a t e d  d if fu s io n  and a c t iv e  
tran sp ort i s  th a t in  the former case  the compound i s  not tran sported  
.a g a in s t  a con cen tration  g r a d ie n t. F a c i l i ta t e d  d if fu s io n  p ro cesses  
•however possessm any c h a r a c te r is t ic s  common to  a c t iv e  tran sp ort in c lu d in g  
the involvem ent o f a " c a r r ie r 11, s p e c i f i c i t y ,  s a tu r a b i l i t y  and s e n s i t i v i t y  
to  c e r ta in  m etab olic  in h ib ito r s  (Levine and P e lik a n , 1964).
Evidence in  favour o f  th e  r o le  o f  p ro te in s  in  th is  type o f  tran sp ort  
phenomenon has been summarised by L evine (1970). Although th ere i s  no 
c le a r  cut ev idence th at f a c i l i t a t e d  d if fu s io n  o f  drugs occur in  the  
in t e s t in e  i t  may be a p o s s ib le  ex p lan ation  fo r  the anomalous a b so rp tiv e  
behaviour o f  a number o f  s tro n g  a c id s  and bases (L evine, 1970).
Pore Transport
In the e a r l ie r  th e o r ie s  o f  membrane p erm ea b ility  (C ollander and B a rlu n d ,
1953) d if fu s io n  through w ater f i l l e d  pores was p o stu la ted  to  e x p la in  the
high  p erm ea b ility  o f  w ater, urea and ion s and the in v er se  r e la t io n s h ip
between molecular s ize  and permeation rates (H o b e r  and Hober> 1937).
However the presence o f pores in  plasma membranes has not been v e r i f ie d
by d ir e c t  ob serva tion  s in c e  the maximum r e so lu t io n  o f  the e le c tr o n  m icro—
° .
scope in  10 ^ (S jostran d , 1967) and the estim ated  pore s iz e  i s  4a in  
diam eter (Lindemann and Solomon, 1962). S te in  (1967) has p o in ted  out 
th a t w a t e r - f i l le d  pores which are s e le c t iv e l y  permeable to  su b stan ces on 
the b a s is  o f on ly  m olecular s iz e  i s  untenable w ith  experim ental data .
A lso  i t  has been dem onstrated by Hunter e t  a l (1965) th a t in h ib it io n  o f  
urea tran sport is- p o s s ib le  th ere fo re  many substances thought to  be 
transported  v ia  w a t e r - f i l le d  pores may in  fa c t  be absorbed by s p e c i f i c  
mechanisms.
i i .  P h y s io lo g ic a l F actors In flu en c in g  Drug A bsorption
The stru ctu re  and fu n c tio n  o f  the g a s tr o in te s t in a l  t r a c t  and the  
presence o f various p h y s io lo g ic a l components th ere in  provide the n ecessa ry  
co n d itio n s  fo r  e f f i c i e n t  d ig e s t io n  and absorption  o f  n u tr ie n t s .  However 
th ese  same p h y s io lo g ic a l fe a tu r e s  may enhance or retard  the ab sorp tion  o f  
fo re ig n  compounds.
a. The Morphology o f the G a s tr o in te s t in a l Tract
The three major components o f  the g a s tr o in te s t in a l  t r a c t  are the 
stomach, sm all in t e s t in e  and la rg e  in t e s t in e  or co lo n . The b io lo g ic a l  
environment and area o f th e  membrane a v a ila b le  fo r  ab sorp tion  in  each o f  
the segments i s  q u ite  d i f f e r e n t .
- 1.3. -
The sm all in t e s t in e  p o sse s se s  a unique m orphological mucosa which 
r e s u lt s  in  a g rea ter  a v a ila b le  su rface  from which absorption  can take p la c e .
To the naked eye the mucosal su rface  appears to  be heaped in to  fo ld s  
known as the v a lv es  o f K erckring. Under the l i g h t  m icroscope th ese  fo ld s  
are seen  to  be studded w ith  f in g e r - l ik e  p r o je c t io n s  200-1000u in  h e ig h t  
which are c a l le d  v i l l i .  The mucosal v i l l i  and th e ir  crypts are covered  
by a s in g le  continuous la y e r  o f  ep ith e liu m  p rim arily  made u p .o f columnar 
c e l l s  and m u cu s-secretin g  g o b le t  c e l l s .  These e p i t h e l ia l  c e l l s  r e s t  on 
a basement membrane which sep ara tes them from the co n n ectiv e  t is s u e  core 
o f  the v i l l i ,  the lamina p rop ria  which con ta in s the term inal b lood  and 
lymph v e s s e l s .  The columnar c e l l s  are the ab sorp tive  c e l l s  whose 
su rfa ce  has a s t r ia t e d  border or brush border. U ltra m ic ro sco p ica lly  
t h is  border i s  seen  to  c o n s is t  o f  f in g e r - l ik e  p r o je c t io n s  termed m ic r o v i l l i  
which are O .lp  wide and 0 .7 -1 .5 y  long (T r ier , 1967). The number o f  
m ic r o v i l l i  per c e l l  has been estim ated  to  be in  the reg ion  o f 1000. These 
various invaginations in cr ea se  the su rface  area by a fa c to r  o f  600 r e la t iv e  
to  a f l a t  su rface (W iseman,-1962).
The unusually  stro n g  p e r io d ic  a c id -S c h if f s ta in in g p r o p e r t ie s  o f  the 
brush border in d ic a te  an area r ic h  in  m ucopolysaccharides on i t s  e x te r n a l 
su r fa c e . The term g ly c o ca ly x  has been proposed fo r  th is  p o ly sa cch a r id e  -  
co n ta in in g  stru c tu re  (B en n ett, 1963). The g ly c o ca ly x  o f  in t e s t in a l  
e p i t h e l ia l  c e l l s  o f  s e v e r a l s p e c ie s  in c lu d in g  r a t and man i s  in t im a te ly  
a sso c ia te d  with-, or p o s s ib ly  even continuous w ith , the plasma membrane o f 
the m ic r o v i l l i  ( I t o ,  1965; 1969). In th ese  s p e c ie s ,  the g ly c o c a ly x  appears 
as a f in e  filam en tou s m a ter ia l and i s  a w e ll  developed s tr u c tu r e ;  i t  i s  not 
an extraneous or s t a t i c  la y er  d erived  from the g o b le t  c e l l  mucus but a 
dynamic su rface  component th at req u ires  an in ta c t  c e l l  fo r  i t s  sy n th e s is
and maintenance ( I t o ,  1969). >
There are no v i l l i  p resen t in  the stomach or la r g e  in t e s t in e  and thus 
the su rface  area o f  th ese  two reg ion s i s  s ig n i f ic a n t ly  sm aller  than th a t o f  the  
sm all in t e s t in e .  The g ly c o ca ly x  i s  thought to  be a fu n c t io n a l p art o f  the 
periphery  o f  a l l  c e l l s  (P ease, 1966; Rambourg, £t_ a l , 1966) but i t s  p resen ce  
has y e t  to  be dem onstrated in  the stomach and la r g e  in t e s t in e .
S tu d ies in  germ -free animals (F lo ch, 1967) and s tu d ies  o f  variou s
m alabsorption s ta t e s  in  man (Weser, et_ a l , 1966; F loch , 1969) have c le a r ly  
shown th a t the cap a c ity  and fu n ctio n  o f the in t e s t in e  are dependant on i t s  
morphology. In the normal animal the in t e s t in a l  ep ith e liu m  i s  renewed every
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1 or 2 days. T herefore any drug in te r fe r r in g  w ith  th is  p rocess w i l l  
a f f e c t  the a b sorp tive  cap a c ity  o f  the in t e s t in e  (Dobbins, e t  a l ,  1968; 
Cheng and W hite, 1962; A n to n io li, a l ,  1966). T ran sitory  or r e v e r s ib le  
changes in  th e c e l l  membrane are known to  be produced'by su r fa c ta n ts  and 
c h e la tin g  agen ts.
S u rfactan ts have been shown to enhance, in h ib it  and have no e f f e c t  on 
the p erm ea b ility  o f  the sm all in t e s t in e  to  c e r ta in  fo re ig n  compounds 
(G ibald i and Feldman, 1970). In c e r ta in  cases when the co n cen tra tion  o f  
su r fa c ta n t i s  below i t s  c r i t i c a l  m ic e lle  co n cen tra tio n , th is  enhancement 
has been ach ieved  by low ering the ten s io n  a t the su rface  o f  the e p i t h e l ia l  
b a r r ie r  (Levy, 1963; Levy e t  a l ,  1966; I&kemi ejt a l , 1967). The e f f e c t  
o f su r fa c ta n t m ic e lle s  on drug absorption  w i l l  be d iscu ssed  la t t e r  in  
th is  s e c t io n .
The e f f e c t s  o f  e th y le n e d ia m in e te tr a a c e tic  acid  (EDTA) are t y p ic a l  o f  
the e f f e c t s  o f  c h e la tin g  agents on ab sorp tion . The a c tio n  appears to  be 
n o n -s p e c if ic ,  in f lu e n c in g  the absorption  o f n e u tr a l, a c id ic  and b a s ic  
compounds (De Marco and L evine, 1969; Schanker and Johnson, 1961; Windsor 
and Cronheim, 1961; T id b a ll and Lipman, 1962) and th is  i s  c o n s is ta n t  w ith  
an a lt e r a t io n  in  the membrane s t a t e .  S ince d iv a le n t  io n s such as calcium  
and magnesium reverse  the e f f e c t  o f EDTA (De Marco and L ev ine , 1969; 
Windsor and Cronheim, 1961) i t  has been su ggested  th a t the c h e la t in g  
agent in flu e n c e s  absorption  by removal o f d iv a le n t  ion s from the membrane. 
Electronm icrographs o f  in t e s t in e  t is s u e  exposed to  EDTA and Subsequently  
reversed  by the a d d itio n  o f  calcium  support th is  h y p o th esis  (C assidy and 
T id b a ll ,  1967). I t  has been su ggested  th a t a n io n ic  su r fa c ta n ts  may in t e r -  
fe r  w ith  in t e s t in a l  membrane in  an analogous manner to  c h e la t in g  agents  
forming in s o lu b le  calcium  and magnesium soaps (Engel and R ig g i, 1969).
b . G a s tr o in te s t in a l M o til ity
In view o f the d iffe r e n c e s  in  su rfa ce  area along the le n g th  o f  the  
g a s tr o in te s t in a l  t r a c t ,  the resid en ce  time o f  a drug in  each reg io n  which  
a f f e c t  the o v e r a ll  e f f ic ie n c y  o f ab so rp tio n .
Hunt (1959) observed th a t the stomach em pties l iq u id  t e s t  m eals or 
dosage forms in  an apparently f ir s t - o r d e r  fa sh io n ; the ra te  o f g a s t r ic  
emptying b ein g  d ir e c t ly  p rop ortion a l to the volume o f  l iq u id  rem aining  
in  the stomach. The k in e t ic s  o f th is  p rocess has been s tu d ied  in  man 
(Hunt and MacDonald, 1954' Hunt, 1959) and the r a t (Feldman, e t  a l ,  1968; 
Varga, 1966).
- 15 -
C ontrol o f g a s tr ic  em ptying may be executed  through r e f le x e s  o f  
g a s tr o in te s t in a l  o r ig in  not in v o lv in g  h igher c e n tr e s , r e f le x e s  in v o lv in g  
h ig h er  cen tres and hormones (L evine, 1970; Abrahamsson, 1973). Factors 
which can a lt e r  the ra te  o f g a s t r ic  emptying have been review ed by Wagner 
(1961 ), Bates and G ibald i (1970) and Mayersohn (1971). These in c lu d e  
tem perature, com position , v i s c o s i t y  and osm otic p ressure o f  in g ested  
m a ter ia l as w e ll  as body p o s it io n  and em otional s ta te  o f s u b je c t . In 
gen era l drugs appear to  d ecrease the ra te  o f  g a s tr ic  em ptying, fo r  example 
a s p ir in , sa lic y la m id e  (Weikel and L ish , 1959), morphine (B ass, 1904) and 
desim piim ine (Consolo and G a r a tt in i, 1969). However neostigm in e in  keeping  
w ith  i t s  pharm acological a c tio n  on the autonomic system  in c r e a se s  g a s tr ic  
emptying (Green, 1965).
Once g a s t r ic  emptying has occurred , in t e s t in a l  m o t i l i t y  i s  r e sp o n sib le  
fo r  the movement o f m a ter ia ls  down the remainder o f  the g a s t r o in te s t in a l  
t r a c t .  In g en era l, there are two types o f in t e s t in a l  movement, p ro p u ls iv e  
and m ixing. Since a drug i s  absorbed only i f  i t  is ^ s o lu t io n  (and hence 
the importance o f  d is s o lu t io n ,  d iscu sse d  la t t e r ) ,a n y  fa c to r  promoting the 
ra te  o f d is s o lu t io n  w i l l  a ls o  promote ab sorp tion . In a d d itio n  m ixing  
movements w i l l  tend to  in cr ea se  the co n ta ct area between the drug in  
so lu t io n  and the absorbing membrane. P rop u lsive  movements ( p e r i s t a l i s )  
produce passage down the in t e s t in e  and thus co n tro l the len gth  o f time 
during which the drug i s  exposed to  the absorbing membrane and the amount 
o f tim e a v a ila b le  for  d is s o lu t io n .  The g rea ter  the in t e s t in a l  m o t i l i t y ,  
the le s s  time there i s  for  the p ro cesses  o f d is s o lu t io n  and a b so rp tio n , 
thus th ese  co n sid era tio n s w i l l  be most s ig n i f ic a n t  fo r  drugs th a t d is s o lv e  
s lo w ly  and dosage forms th a t r e le a s e  s lo w ly . C onversely , in t e s t in a l  
m o t i l i t y  w i l l  be o f l i t t l e  importance when drugs are in  s o lu t io n  in  the  
absence o f  food.
The presence o f food , although i t  may be a bulk  stim u la n t fo r  in t e s t in a l  
t r a n s i t ,  appears to crea te  segm enting co n tra ctio n s  waves which reta rd  
t r a n s it  (T exter , e t  a l ,  1968 a ) I t  i s  c o n s is ta n t  w ith  the primary fu n c tio n s  
o f the in t e s t in e ,  the d ig e s t io n  o f  food . V is c o s ity  a lso  tends to  in h ib i t  
the m o t i l i ty  o f  the in te s t in e  (Levy and Jiiisko, 1965). D iseased  s t a t e s  may 
in cr ea se  tr a n s it  tim e, eg d iarrhoea (T exter , e t  a l ,  1968a). in s u l in  hypo­
glycem ia (Goodman and G illm an, 1968a); or decrease i t ,  eg  a d e f i c i e n c y  in  
thyroxine s e c r e t io n  (Guyton, 1960) or d ig e s t iv e  ju ic e s  (P irk , 1967).
S im ila r ly  a n t ic h o lin e r g ic  drugs decrease t r a n s it  tim e, whereas morphine and 
a n t ic h o lin e r g ic  a n ta g o n ists  in cr ea se  i t  (Goodman and G illm an, 1968b).
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c. C ircu la tory  Systems •
The e n t ir e  g a s t r o in te s t in a l  tr a c t  i s  h ig h ly  v a scu la r ized  r e c e iv in g  
approxim ately 28% o f  the card iac output (T exter £ t  a l ,  1968b) E stim ates  
o f the amount o f the t o t a l  in t e s t in a l  b lood flow  d iv er ted  to  the mucosa, 
range from 17% (Winne, 1966) to  60% (Lungren, 1967). A ccording to  Varro' 
ej: _al, (1965) a decrease in  b lood flow  w i l l  on ly  produce a s ig n i f ic a n t  
e f f e c t  on the p a ss iv e  absorption  o f fo re ig n  compounds i f  the red u ction  
in  flow  i s  s u f f i c i e n t  to  produce s tr u c tu r a l damage. However O chsenfahrt 
and Winne (1969) have shown in  the r a t  th a t the ra te  o f  absorption  o f  a 
number o f  io n is e d  drugs i s  dependant on b lood  flow . The absorption  r a te s  
o f n o n -io n isa b le  compounds were on ly  s e n s i t iv e  to  changes in  b lood  flow  
when th ese  m olecules showed h igh  e p i t h e l ia l  p erm ea b ility  (Winne and 
Remischovsky, 1970). A lso  the ra te  o f  absorption  o f  s u lfa e th id o le  in  dog 
i s  dependant on m esen ter ic  b lood  flow  (Crouthamel e t  a l , 1970).
The b lood  flow  to  the stomach i s  n ot so  e f f i c i e n t  as th a t found in
. . . . h
the in t e s t in e .  Ethanol has been shown to  improve b a rb itu a te  absorption  
from the stomach by enhancing the b lood  supply to  the g a s t r ic  mucosa 
(Magnussen, 1968) but no e f f e c t  was observed in  the mucosa.
Although the lym phatic system  i s  the major pathway fo r  the ab sorp tion  
o f  large m olecules such as c h o le s te r o l (Heilman, e_t a l , 1960) and f a t t y  
acid s (Bloom ejt a l ,  1951), i t s  importance in  drug absorption  has n o t been  
f u l ly  e lu c id a te d . The ra te  o f b lood flow  i s  se v e r a l hundred tim es th a t o f  
the lym phatic flow  (Hendrix and Sweet, 1917), however the h e p a tic  p o r ta l  
v e in  drains v ia  the l i v e r  and c e r ta in  compounds are e x te n s iv e ly  m etab o lised  
on th e ir  f i r s t  pass (see  s e c t io n  E) th ere fo re  absorption  in to  the lymph 
may be re lev a n t in  the c l in ic a l-e f fe c t iv e n e s s  o f  c e r ta in  drugs.
De Marco and Levine (1969) have shown on ly  a sm all p ercentage o f  the 
w ell-ab sorb ed  p -a m in o sa lic y c lic  a c id  or the i n e f f i c i e n t l y  absorbed  
t e tr a c y c lin e  was absorbed v ia  the lymph. Rees e_t a l , (1971) a ls o  rep orted  
low amounts o f  benzpyrene in the lymph.
d. In te r a c tio n s  w ith  Endogenous Substances
The normal c o n s titu e n ts  o f the f lu id s  o f  the g a s t r o in t e s t in a l  t r a c t  
may s ig n i f ic a n t ly  in flu en ce  drug absorption  due to  inducing p h ysicoch em ica l 
changes p r io r  to  ab sorp tion . The wide v a r ie ty  o f  m a ter ia ls  p re se n t in  
food and se c r e te d  in to  the in t e s t in a l  tr a c t  prov ides many components which  
can n o n - s p e c i f ic a l ly  in te r a c t  w ith  drugs. A number o f  drugs-form, in s o lu b le  
complexes w ith  the mucin which l in e s  the g a s t r o in te s t in a l  t r a c t ,  eg
- 17 -
quaternary.^ ammonium compounds (Levine e_t a l ,  1955; Levine and P e l ik in ,  
1964), strep tom ycin , d ihydrostrepom ycin  and gen tian  v i o l e t  (O 'R e illy  and 
N elson , 1959). The in g e s t io n  o f  dairy products and an tacid s decrease the  
absorption  o f t e tr a c y c lin e  a n t ib io t ic s  (P rice  e t  a l ,  1957) due to  the 
form ation o f calcium  and aluminium s a l t s .  In so lu b le  complexes can a lso  be 
formed between a n t ib io t ic s  and b i l e  s a l t s  (Faloon, e_t a l ,  1966; Schneierson  
and Amsterdam, 1958). In many cases b i l e  s a l t s  a id  the s o lu b i l i t y  and 
consequently  the ab sorp tion  o f  drugs (G ibald i and Feldman, 1970; Kakemi 
e t  a l , 1970a, 1970b). I t  has been su ggested  by Bates e_t a l ,  (1966) th a t  
the enhancement o f  the absorption  o f r e la t iv e ly  w a te r - in so lu b le  drugs which  
occurs on ad m in istra tio n  w ith  a fa t t y  m eal, i s  due to  a s t im u la t io n /in  
b i l e  flow .
I t  has been estim a ted  (C arter e t  a l ,  1959) th a t g a s t r o i n t e s t i n a l  
s e c r e t io n s  in  man amount to  7 l i t r e s  per day. Thus any drug in  the
in t e s t in a l  t r a c t  i s  su b jec t to  a g rea t v a r ia t io n  in  pH which may a f f e c t
i t s  s t a b i l i t y  in  a d d itio n  to  i t s  s o lu b i l i t y .  In man, the usual pH ranges 
in  the f lu id s  p resen t in  the variou s segments o f  the tr a c t  are: stom ach, pH 1 
•to 3; sm all in t e s t in e ,  pH 5 to  8 ( in c r e a s in g  from a pH range o f 5 to  6 in  
the duodenum to  about pH 8 in  the lower ileu m ); and the co lo n , pH 8 (Wagner, 
1961; Borgstrom, e t  a l ,  1957).
e . I n te s t in a l  M etabolism
The m etab o lic  a c t iv i t y  o f the absorption  c e l l  may in f lu e n c e  the ra te
and amount o f  drug absorbed in  se v e r a l ways. In a d d itio n  to  the normal
c e l lu la r  a c t iv i t y ,  the e p i t h e l ia l  c e l l s  o f  the in t e s t in a l  mucosa have the 
cap acity  to  carry out a number o f drug b io tran sform ation s (H a r tia la , 1973). 
Thus d e sp ite  the fa c t  th a t the ra te  and amount o f  drug tra n sferred  from 
the lumen may remain unchanged, the en try  o f the drug in to  the c ir c u la t io n  
may be markedly a lte r e d . The in f lu e n c e  o f  th ese  m etab o lic  p ro cesse s  may 
be a lte r e d  by the ra te  a t which the drug i s  tra n sferred  through the  
mucosal c e l l  and th e  presence o f o th er ag en ts . Induction  o f the i n t e s t in a l  
enzymes re sp o n sib le  fo r  gluc.u^onidation (H a r tia la , 1968) and h y d roxy la tion  
by benzpyrene (Wattenberg and Leong, 1968) and phenobarbitone (Lehrmann, 
e t  a l ,  1972) has been dem onstrated. O rd inarily  the amount o f  in crea sed  
drug-m etabolism  a c t iv i t y  in  the in t e s t in e  would be o f  l i t t l e  consequence  
in  terms o f  drug a v a i la b i l i t y  because o f the much g rea te r  in f lu e n c e  o f  the  
induced l iv e r  a c t iv i t y .  However, fo r  drugs g iven  in  sm all doses or fo r  
those s lo w ly  absorbed, or s lo w ly  r e le a s e ,  from th e ir  dosage form, the e f f e c t  
o f in t e s t in a l  m etabolism  may be o f  major s ig n if ic a n c e .
There are p r a c t ic a l ly  no s t e r i l e  reg ion s in  the in t e s t in a l  t r a c t .
The numbers o f  m icroorganism s in cr ea se  g e n e r a lly  from the duodenum downwards
and th ere are a lso  q u a lita t iv e  d if fe r e n c e s  between the d if f e r e n t  a reas.
The m icro flo ra  are a lso  capable o f  m eta b o lis in g  drugs (S c h e lin e , 1968) 
p a r t ic u la r ly  by d egrad ative  p ro cesses  such as h y d ro ly s is  and red u ctio n .
M etabolism by gut m icro flo ra  and in t e s t in a l  e p i t h e l ia l  c e l l s  may 
provide an a lte r n a t iv e  exp la n a tio n  to  why c e r ta in  drugs are poorly  absorbed.
i i i .  PHYSICO-CHEMICAL FACTORS INFLUENCING DRUG ABSORPTION
The p h ysico -ch em ica l p ro p er tie s  o f  a drug are o f paramount importance 
in  governing i t s  absorption  ra te  reg a rd less  o f whether the drug i s  admin­
is t e r e d  as a s o lu t io n  or as a pharm aceutical form u lation .
a. D is so lu t io n  Rate and Drug Form ulation
When a drug i s  g iven  o r a l ly  in  a s o l id  form as a t a b le t ,  cap su le or
su sp en sio n , d is s o lu t io n  o f  the drug in  the g a s t r o in te s t in a l  f lu id s  must 
preceed  absorption  through the g a s t r o in te s t in a l  membranes. In many 
in s ta n c e s , the d is s o lu t io n  ra te  i s  slow er than the membrane tran sp ort ra te  
o f the d is so lv e d  drug and becomes the r a te - l im it in g  step  in  the ab sorp tion  
p r o c e ss . Thus the form ulation  o f a drug dosage form can co n tro l the o n se t ,  
in t e n s i t y  and duration  o f a pharm acological response (Levy, 1967). The 
ways in  which m anufacturing procedures and adjuvants or e x c ip ie n ts  may 
in f lu e n c e  the a v a i la b i l i t y  and a b so r b a b ility  o f  a drug in  a dosage form 
has rece iv ed  con sid erab le  a tte n t io n  in  recen t years (Wagner 1961 and 1971; 
Levy, 1963; G ib a ld i, 1970).
A schem atic rep re se n ta tio n  o f  the ra te  o f  d is s o lu t io n  and g a str o ­
i n t e s t in a l  m o t i l i ty  in  m odifying the r a te  and e x te n t  o f  ab sorp tion  i s  
shown below .
S o lid  Drug 
in  fa ece s
T ran sit p ro cesses
D is so lu t io n  p ro cesses  —  — —
A bsorption p ro cesses
b. Physico-C hem ical In te r a c tio n s
Once a drug i s  in  so lu t io n  i t  may in te r a c t  w ith  the so lu b le  components 
o f the g a s t r o in te s t in a l  tr a c t  or w ith  in e r t  or a c t iv e  components o f  the  
dosage from i t s e l f .  There are th ree types o f in te r a c t io n s  which are o f  
in t e r e s t  and each one i s  capable o f  reducing the e f f e c t i v e  drug co n cen tra tion  
a v a ila b le  fo r  absorption : complex form ation , adsorption  and m ic e lla r  
in te r a c t io n .
A m olecular complex c o n s is t s  o f  c o n s t itu e n ts  h e ld  to g e th er  by weak fo rce s  
such as hydrogen bonds. The in te r a c t io n  between the two components are 
ra p id ly  r e v e r s ib le ,  provided th a t the complex i s  s u f f i c i e n t l y  so lu b le  in  
b io lo g ic a l  f lu id s .  The p ro p er tie s  o f  drug complexes such as s o l u b i l i t y ,  
d i f f u s iv i t y ,  p a r t it io n  c o e f f i c ie n t  and m olecular s iz e  can d i f f e r  s i g n i f i ­
ca n tly  from the p r o p e r tie s  o f the r e sp e c t iv e  fr e e  drugs.
The most frequent observed complex i s  between various drugs and the 
components o f  th e ir  pharm aceutical dosage forms (eg  gums, c e l lu lo s e  d e r iv a t iv e s ,  
p o ly o ls  and s u r fa c ta n ts ) .  F o rtu n a te ly , however, th ese  complexes are r e a d ily  
d is s o c ia te d  p a r t ic u la r ly  when d ilu t io n  occurs in  the b io lo g ic a l  f lu id s  o f the 
lumen (G ib a ld i, 1970). E xceptions in c lu d e the in te r a c t io n  o f  amphetamine 
w ith  sodium carb oxym eth y lcellu lose  (Wagner, 1961) and phenobarbitone with, 
p o ly e th y len e  g ly c o l (S ingh, e t  a l ,  1966).
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in  stomach in  in t e s t in e
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Complex form ation a lso  occurs between drugs and m olecules o f  
comparable s iz e .  W ell absorbed compounds appear to  be absorbed a t a 
slow er ra te  when they are complexed (Sugimoto, 1968a and 1968b; Goto e t  a l ,
1968; Reuning and Levy, 1968 and 1970). However the absorption  r a te  of  
poorly  absorbed compound may be enhanced by com plexation (Goto, e t  a l ,  1969; 
Sugimoto, 1969a and 1969b; Hayton e t  a l ,  1970; Hayton and Levy, 1972a,
1972b, and 1972c). I t  i s  thought th a t th ese  changes in  absorption  ra te  are 
p rim arily  due to a lt e r a t io n s  in  the l ip id s o lu b ity  o f complex and fr e e  drug. 
H iguchi and K r istia n sen  (1970) have shown th a t the form ation o f  th ese  
complexes takes p la ce  most e f f e c t i v e ly  between members o f two la r g e  d is t in c t  
c la s s e s  o f  s tr u c tu r e s . A lk ylxan th in es are ty p ic a l  o f  one c la s s  and benzene 
d e r iv a tiv e s  ty p ic a l  o f the o th e r . The exact nature o f  fo r c e s  in vo lved  
remains u n certa in  but i t  has been shown that the in t e n s i t y  o f b in d in g  cannot 
r a t io n a l is e d  on the b a s is  o f  sim ple ch an ge-tran sfer  in te r a c t io n  (s in c e  the 
bind ing con stan ts are extrem ely low in  nonpolar s o lv e n t s ) ,  hydrophobic 
a s so c ia t io n s  (s in c e  a lk y l s id e  chains con tr ib u te  l i t t l e  to the b in d in g  c o n sta n ts )  
or hydrogen bonding alone (H iguchi and K r is tia n se n , 1970).
P h y s ica l adsorption  in v o lv e s  the removal o f  drug m olecu les from 
so lu t io n  onto the su r fa ce  o f  an " active"  s o l id  such as charcoal or alumina.
Van der Waals fo rce s  are thought to  be re sp o n sib le  fo r  th is  r e v e r s ib le  
in te r a c t io n . A number o f  pharm aceutical adjuvants and a n tid ia rrh o ea  
m edications may fu n ctio n  as " active"  s o l id s  (G ib a ld i, 1970). In te r a c t io n s  
o f th is  type have been shown w ith  promazine (Sorby, 1965 and 1966) and 
lincornycin (Wagner, 1966).
.A lthough su r fa c ta n ts  are o fte n  in clud ed  in  pharm aceutical p rep aration s  
the nature o f  th e ir  r o le  remains obscure. The number o f rep o rts  c la im in g  
enhanced absorption  in  th e presence o f  su r fa c ta n ts  eq u a ls the number in  
which th ese  agents retarded  the absorption  ra te  (G ib a ld i, 1970; G iba ld i 
and Feldman, 1970). In order to  r e c o n c ile  th ese  d if fe r e n c e s  the fo llo w in g  
v a r ia b le s  on the e f f e c t  o f  su r fa c ta n ts  must be con sid ered  : co n cen tra tio n s  
o f su r fa c ta n t , nature o f su r fa c ta n t , p o te n t ia l  e f f e c t  o f su r fa c ta n t  w ith  
drug and dosage form. Many o f th ese  fa c to r s  may produce opposing e f f e c t s  
and the n e t e f f e c t  on ab sorption  depends on th e r e la t iv e  magnitude o f the  
in f lu e n c in g  v a r ia b le s . As s ta te d  e a r l i e r ,  su r fa c ta n ts  may a f f e c t  the  
absorbing membrane but when the su r fa c ta n t i s  p resen t a t a co n cen tra tio n  
exceed in g  i t s  c r i t i c a l  m ic e lle  co n cen tra tio n , m icella ir s o lu b i l i s a t io n  i s  
o ften  resp o n sib le  fo r  changes in  the absorption  r a te . D ru g-su rfactan t  
in te r a c t io n s  in  m ic e lla r  s o lu t io n s  are q u ite  n o n -s p e c if ic  and the on ly
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requirem ent i s  th a t the drug be s u f f i c i e n t ly  so lu b le  to  " d isso lv e"  in  
the m ic e lla r  phase. I n h ib it io n  o f  absorption  ra te  by such in te r a c t io n s  
has been shown for  many drugs (Yamada and Yamamoto, 1965; Yamada e t  a l ,
1966; Nogami, e t  a l,1 9 6 8 d ) but i t  i s  l ik e ly  th a t the d is s o lu t io n  r a te s  o f  
poorly  so lu b le  drugs w i l l  be enhanced by the presence o f  m ic e lle s  
(G ib a ld i, 1970).
S tu d ies u sin g  b i l e  s a l t s  have shown th a t these compounds act l ik e  
the n o n -p h y s io lo g ic a l su r fa c ta n ts  and are su b je c t  to the same v a r ia b le s  
(Kakemi e t  a l ,  1970a and 1970b; G ibald i and Feldman, 1970; N ig h tin g a le  
eh a l ,  1971).
c. L ip id  S o lu b i l i t y  and Degree o f Io n isa t io n
The in te r r e la t io n s h ip  between l ip id  s o l u b i l i t y , pK and the absorptioncl
c h a r a c te r is t ic s  o f  a number o f io n is a b le  drugs was s tu d ied  by B rodie,
Schanker and coworkers (Shore, e_t a l ,  1957;Schanker e t  a l ,  1957, Hogben 
e t  a l ,  1957; Schanker e t  a l ,  1958; Hogben e_t a l , 1959) in  form ulating  the  
p H -p a rtitio n  h y p o th e s is . B a s ic a lly  th is  theory p r e d ic ts  th a t g a s t r o in te s t in a l  
absorption  o f drugs occurs in  the u n d isso c ia ted  form because th is  s p e c ie s  
p o sses  a h igh er l iq u id  s o lu b i l i t y  than the io n is e d  s p e c ie s .
The r e la t io n sh ip  between pH?pKa and e x te n t  o f io n is a t io n  i s  d escr ib ed  
by the H enderson-Hasselbach equations :
for  an acid  :
PKa -  pH. = lo g  (Cu/C1)
fo r  a base :
pK -  pH = lo g  (C./C ) a x u
where Ci and C are the con cen tra tion s o f  io n is e d  and u n ion ised  drug x u
r e s p e c t iv e ly .  f
According to  the above eq u a tio n s, weak acids w i l l  be la r g e ly
u n d isso c ia ted  a t the low pHs o f  the stomach and absorption  w i l l  be rap id .
In co n tra st weak bases w i l l  be e x te n s iv e ly  io n is e d  in  the stomach and
consequently  absorption  i s  poor. This has been dem onstrated in  r a t
(Schanker e t  a l ,  1957) and man (Hogben e t  a l ,  1957) and i t  has been fu r th er
shown th at when the g a s tr ic  lumen was made a lk a lin e  w ith  b icarb on ate  io n s ,
the absorption  o f weak acids was depressed  and the absorption  o f weak b ases
was enhanced (Schanker e t  a l ,  Hogben e t  a l ,  1957). An a d d it io n a l study
ow.
(Shore e t  a l ,  1957) showed th a t the g a s t r ic  s e c r e t io n  o f drugs follw^eing  
p a ren tera l ad m in istra tion  a lso  obeyed the p H -p a rtitio n  h y p o th e s is ;  i e  
weak bases were se c r e te d  in to  the g a s tr ic  lumen where they were trapped in  '
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th e ir  io n is e d  form a t  the low pH but weak acids were n o t con cen trated  in  
the gas t r i  c lumen.
The r e la t iv e  e f f ic ie n c y  o f  absorption  o f  weak acids and weak b ases  
observed in  the stomach i s  somewhat reversed  in  the in t e s t in a l  f lu id s  
(Schanker e t  a l ,  1958). The m ild ly  a c id ic  f lu id s  o f the sm all in t e s t in e  
favour the absorption  o f weak bases but n e v e r th e le ss  th e ab sorp tion  o f weak 
acid s  w ith  va lu es  g rea ter  than 3 i s  q u ite  rap id . S tu d ies on  the ro le  
o f  pH in  in t e s t in a l  absorption  (Hogben e t  a l ,  1959) e x h ib ite d  the expected  
trends d ic ta te d  by the p H -p a rtitio n  h y p o th e s is . However i t  was noted  th a t  
c e r ta in  weak acid s were s t i l l  absorbed a t pHs where they were v ir t u a l ly  
t o t a l ly  io n is e d . In order to  e x p la in  th is  phenomenon i t  has been proposed  
th a t the pH c lo se  to  the mucosal su rface i s  more a c id ic  than in  the lumen.
This " v ir tu a l pH" a lso  exp la in ed  why th e minimum pK o f  an a c id ic  drug fo r
Si
rap id  absorption  was 3 whereas the corresponding pK fo r  a weak base was
Si
about 8. I f  the "v ir tu a lp H "  i s  about 5 .3  then the minimal prop ortion  o f  
n o n -io n ised  to  io n is e d  drug needed fo r  rapid  in t e s t in a l  ab sorp tion  i s
1 : 300 for  both a c id s  and b ases (Hogben e t  a l ,  1959).
A " v ir tu a l pH" o f 5 .3  has never been demonstrated and i t s  v a l id i t y  
has been c r i t i c i s e d  (Smolen, 1973; Wagner, 1968a£3arry e_t a!L, 1966). A lso  
an in c r e a s in g  number o f drugs have been stu d ied  which are absorbed to  a 
con sid erab le  e x te n t  in  th e ir  io n is e d  forms. These in c lu d e s a l i c y c l i c  acid  
(Nogami and Matsuzama, 1961; D o lu is io  ejt a l ,  1969), aminopyrine (Nogam  
and Matsuzama, 1962), sulphonomides (Crouthamel e t  a l ,  1971; Nogami e t  a l ,
1963) and b a rb itu a te s  (Kakemi e t  a l , 1967; Crouthamel, ejt a l ,  1971). In 
a review  by Wagner (19-68} an a lte r n a t iv e  theory o f  Benet i s  d iscu sse d  to  
ex p la in  th ese  d iscrep a n c ies  in  the p H -p a rtitio n  h y p o th e s is . Benet has shown
th a t i f  the io n is e d  s p e c ie s  i s  con sid ered  to  p ossess some degree o f  p erm ea b ility
the r e s u lt s  o f B rod ie, Schanker and coworkers can be ex p la in ed  w ith ou t  
p o s tu la t in g  a v ir tu a l  pH. A lso  Benet's c a lc u la t io n s  p r e d ic t  very w e ll  the 
co n tr ib u tio n  o f the p erm eab ility  o f  the io n is e d  s p e c ie s  to  the o v e r a l l  
absorption  o f se v e r a l drugs.
The mechanism by which the io n is e d  sp e c ie s  o f  a drug i s  absorbed i s  
unknown. However recen t s tu d ie s  have su ggested  th a t the form ation o f  io n -  
p a ir  complexes may ex p la in  th is  phenomenon;. The absorption  o f a number o f  
bases has been shown to be dependant upon a counter-an ion  and a r e la t io n s h ip  
e x i s t s  between the ex te n t to  which absorption  i s  enhanced and the par­
t i t io n in g  p r o p e r tie s  .of the complex. (F iese  and P e r r in , 1969; Kakemi e t  a l ,  
1969c;Suzuki e t  a l ,  1972; G ibald i and Grundhofer, 1973).
C. THE DISTRIBUTION OF DRUGS
' F o r e ig n  com pounds a r e  d i s t r i b u t e d  t h r o u g h o u t  t h e  body
v i a  t h e  b l o o d  s y s t e m .  When a com pound i s  i n j e c t e d  i n t o  a 
v e i n  i t  i n i t i a l l y  m i x e s  w i t h  a s m a l l  v o l u m e  o f  p l a s m a  f o r m i n g  
a b o l u s  b u t  a s  i t  p a s s e s  t h r o u g h  v a r i o u s  c a p i l l i a r y  b e d s ,  
f i l t r a t i o n  and d i f f u s i o n  f o r c e s  c a u s e  som e m o l e c u l e s  t o  
t r a n s f e r  i n t o  t h e  s u r r o u n d i n g  t i s s u e .  T h e s e  e v e n t s  u s u a l l y  
t a k e  p l a c e  v e r y  r a p i d l y  ( P a p p e n h e i m e r , e t  a l , 1 9 5 1 )  , s o  t h a t  
e v e n  d u r i n g  t h e  f i r s t  f e w  moments  w h i l e  t h e  d r u g  s o l u t i o n  
b e c o m e s  p h y s i c a l l y  m i x e d  w i t h  t h e  p l a s m a ,  t h e  s o l u t e  h a s  
a l r e a d y  p e n e t r a t e d  i n t o  a much l a r g e r  v o l u m e .
The r a t e  o f  u p t a k e  o f  a com pound i n t o  t h e  t i s s u e s  i s  
c o n t r o l l e d  by s e v e r a l  f o r c e s  i n c l u d i n g  t h e  r a t e  o f  b l o o d  f l o w  
th r o u g h  t h e  t i s s u e ,  t h e  mas s  o f  t i s s u e  and t h e  p a r t i t i o n i n g  
c h a r a c t e r i s t i c s  o f  t h e  com pound b e t w e e n  t h e  p l a s m a  and t h e  
t i s s u e .  The i n t e r r e l a t i o n s h i p  o f  t h e s e  f a c t o r s  i s  d e f i n e d  
by * F i c k  1 s l a w  o f  p e r f u s i o n  ( K e t z ,  1 9 5 1 ,  P a p p e r  and K i t z ,
1 9 6 3 ) .  The r a t e  o f  f l o w  t h r o u g h  t h e  t i s s u e s  v a r i e s  i n  e a c h  
t i s s u e  f rom 5 0 0  ml t o  2 ml o f  b l o o d / 1 0 0  ml  o f  t i s s u e / m i n u t e  
( R i e g e l m a n ,  e t  a l , 1 9 6 8 )  . The p a r t i t i o n  c o e f f i c i e n t  o f  t h e  
com pound i n t o  t h e  v a r i o u s  t i s s u e s  w i l l  be  a f f e c t e d  by f a c t o r s  
s u c h  as  pH, t h e  r e l a t i v e  l i p o i d  s o l u b i l i t y  o f  t h e  com pound and  
i t ' s  m o l e c u l a r  w e i g h t .  The m o l e c u l a r  r e q u i r e m e n t s  f o r  
p e r m e a t i o n  o f  b o d y  membranes  d i f f e r s  c o n s i d e r a b l y  f ro m t i s s u e  t o
t i s s u e .  B l o o d  c a p i l l a r i e s  a p p e a r  t o  be  o f  l i t t l e  r e s i s t a n c e
t o  t h e  p a s s a g e  o f  d r u g s  i n t o  c e r t a i n  t i s s u e s  s u c h  a s  l i v e r
b u t  c a n  i m p e d e  t h e  t r a n s p o r t  o f  many s o l u t e s  i n t o  t h e  b r a i n
( S c h a n k e r ,  1 9 6 2 ) .  C e r t a i n  t i s s u e s  may c o n c e n t r a t e  d r u g s  by  
m eans o f  c o m p l e x a t i o n  w i t h  p r o t e i n s ,  n u c l e i  a c i d s ,  e t c .  
T h e r e f o r e ,  t h e  d i s t r i b u t i o n  o f  a dr u g  i n  t h e  body  i s  a h i g h l y  
c o m p l e x  phenom enon and c o n c e n t r a t i o n s  w i l l  d i f f e r  down t o  t h e  
s u b c e l l u l a r  l e v e l .
( i )  C o m p a r t m e n t a l  A n a l y s i s
E g e r  ( 1 9 6 3 )  d i s c u s s e d  t h e  d i v i s i o n  o f  t i s s u e s  i n t o  
g r o u p s  d i s t i n g u i s h a b l e  by d i f f e r e n t  b l o o d  f l o w  r a t e s  p e r  
u n i t  v o l u m e  o f  t i s s u e  and by s o l v e n t  c h a r a c t e r i s t i c s  o f  
t h e  t i s s u e .  F i r s t ,  a r e  t h o s e  t i s s u e s  w h i c h  a r e  p r o f u s e l y
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s u p p l i e d  w i t h  b l o o d  v e s s e l s ;  t h e s e  i n c l u d e  t h e  h e a r t ,  
b r a i n ,  s p i n a l  c h o r d ,  h e p a t o p o r t a l  s y s t e m ,  k i d n e y  and  
e n d o c r i n e  g l a n d s .  T h i s  g r o u p  a c c o u n t s  f o r  a b o u t  9% 
b o d y  w e i g h t .  The s e c o n d  g r o u p  i s  c o mp os ed  o f  s k i n  and 
m u s c l e  and a c c o u n t s  f o r  a p p r o x i m a t e l y  50% o f  b o d y  w e i g h t .  
A dipose t i s s u e  and b o n e  marrow c o mp os e  t h e  f a t  g r o up  
w h i c h  r e p r e s e n t s  some 19% o f  bo d y  w e i g h t .  T h i s  l a t t e r  
g r o u p  i s  d i s t i n g u i s h e d  f r om t h e  m u sc le  g r o u p  by  s o l v e n t  
c h a r a c t e r i s t i c s  a l o n e  s i n c e  b l o o d  f l o w  r a t e s  a r e  c o m p a r a b l e  
A n e g l i g i b l e  p e r f u s i o n  t i s s u e  g r o u p  c o n s i s t s  o f  b o n e  
( n o t  m a r r o w ) ,  l i g a m e n t ,  t e n d o n s ,  c a r t i l a g e  and h a i r  and  
a c c o u n t s  f o r  a p p r o x i m a t e l y  22% o f  body  w e i g h t .
P h a r m a c o k i n e t i c i s t s  h a v e  t a k e n  a d v a n t a g e  o f  t h i s  
p o s s i b l e  c o m p a r t m e n t i s a t i o n  o f  bo d y  t i s s u e s  and d e s c r i b e d  
t h e  d i s t r i b u t i o n  o f  d r u g s  i n  t e r m s  o f  k i n e t i c a l l y  
d i s t i n g u i s h a b l e  " p o o l s " .  The m o s t  com m only u s e d  m o d e l  
i s  t h e  two c o m p a r t m e n t  one  w h i c h  h a s  r e c e n t l y  b e e n  
r e v i e w e d  by R i e g e l m a n  e t  a l  ( 1 9 6 8 a )  c o n s i s t s  o f  a h i g h l y  
p e r f u s e d  c o m p a r t m e n t  and a p o o r l y  p e r f u s e d  c o m p a r t m e n t .
T h i s  a p p r o a c h  w i l l  be  d i s c u s s e d  a t  l e n g t h  i n  S e c t i o n  E.
( i i )  The B i n d i n g  o f  D r u gs  to. T i s s u e s
The ' c o n c e n t r a t i o n  r a t i o  o f  d ru g  i n  t h e  b l'ood  t o  d r u g  
i n  t h e  o t h e r  f l u i d s  or  t i s s u e s  i s  o f t e n  g r e a t e r  t h a n  u n i t y  
b e c a u s e  o f  t h e  a b i l i t y  o f  c e r t a i n  t i s s u e s  t o  a c t  as  
" s t o r e h o u s e s "  f o r  d r u g s .  O f t e n  t h e  m a j o r  p o r t i o n  o f  a 
d ru g  may b e  f o u n d  i n  t h e  f a t ,  o r  bound  t o  p r o t e i n s  o r  
o t h e r  m a c r o m o l e c u l e s  i n  t h e  t i s s u e s .  D r u gs  w h i c h  e x h i b i t  
t h e s e  p r o p e r t i e s  p o s s e s s  v e r y  l a r g e  v o l u m e s  o f  d i s t r i b u t i o n
A l t h o u g h  t i s s u e  d i s t r i b u t i o n  i s  o f t e n  a r a p i d  p r o c e s s ,  
i n  c e r t a i n  i n s t a n c e s  t h i s  h a s  b e e n  shown n o t  t o  be  t h e  c a s e  
and t h e  r a t e  o f  t i s s u e  r e l e a s e  l i . m i t s  t h e  e l i m i n a t i o n  o f  
t h e  d rug  f r om t h e  b o d y .  B r o d i e  ( 1 9 5 2 )  d e m o n s t r a t e d  t h i s  
u s i n g  t h e  u l t r a  s h o r t  a c t i n g  b a r b i t u r a t e ,  t h i o p e n t o n e .
T h i s  b a r b itu r a te  i s  r a p i d l y  d i s t r i b u t e d  i n  t o  a 
num ber o f  t i s s u e s  i n c l u d i n g  t h e  c e n t r a l  n e r v o u s  s y s t e m ,  
w i t h i n  a f e w  m i n u t e s  o f  i n t r a v e n o u s  a d m i n i s t r a t i o n .
C o n s e q u e n t l y  t h e  o n s e t  o f  t h e  h y p n o t i c  e f f e c t  i s  a l m o s t  
i n s t a n t a n e o u s .  B l o o d  l e v e l s  d e c l i n e  r a p i d l y  i n  
p a r a l l e l  w i t h  t i s s u e  l e v e l s  u n t i l  t h e  s u b j e c t  a w a k e n s  
a f t e r  a b o u t  10 m i n u t e s .  S u b t h e r a p e u t i c  b u t  - m ea su ra b le  
drug  l e v e l s  p e r s i s t  f o r  many h o u r s  t h e r e a f t e r ,  b e c a u s e  
o f  t h e  s l o w  r e l e a s e  f r o m t h e  f a t  and m u s c l e  t i s s u e s .
A f t e r  3 h o u r s  t h e  l e v e l  o f  b a r b i t u r a t e  i s  10 t i m e s  '
h i g h e r  i n  t h e  f a t  t h a n  i n  t h e  p l a s m a .
Many o t h e r  d r u g s  show g r e a t  a f f i n i t y  f o r  c e r t a i n  
t i s s u e s .  F o r  e x a m p l e ,  t e t r a c y c l i n e  a n t i b i o t i c s  a r e  
c o n c e n t r a t e d  i n  b o n e s  and t e e t h  ( D e l e u  and Bohr  1 9 6 4 )  , 
s a l i c y 1 - a z o - s u l p h a p y r i d i n e  b i n d s  t o  c o n n e c t i v e  t i s s u e  
( H a n n g r e n ,  e t  a l , 1 9 6 3 )  and c h l o r o p r o m a z i n e  i s  l o c a l i s e d
i n  t h e  b r a i n  p a r t i c u l a r l y  t h e  c e r e b r a l  c o n t e x  and  
h i p p o c a m p u s  ( C a s s a n o ,  e t  a l , 1 9 6 5 ) .  DDT i s  t h o u g h t  t o  
b e  p r e s e n t  i n  h u m a n " f a t  a t  a c o n s t a n t  l e v e l  o f  3 ppm a s  a 
r e s u l t  o f  e q u i l i b r i u m  b e t w e e n  c o n s t a n t  i n t a k e  f r o m  t h e  
e n v i r o n m e n t ,  m e t a b o l i s m  and e x c r e t i o n  ( H o f f m a n ,  e t  a l ,
1 9 6 4 )  .
I n  t h e  c a s e  o f  d r u g  t h e r a p y ,  i f  s t o r a g e  o c c u r s  a t  a 
s i t e  r e m o t e  f r o m t h e  s i t e  o f  a c t i o n  t h e n  h i g h  b l o o d  
l e v e l s  w i l l  be  r e q u i r e d  t o  a c h i e v e  t h e r a p e u t i c  e f f e c t s .
( i i i ) The B i n d i n g  o f  D r u g s  t o  P l a s m a  P r o t e i n s
P r o b a b l y  t h e  m o s t  e x t e n s i v e  b i n d i n g  o f  d r u g s  i n  t h e
b o d y  o c c u r s  i n  t h e  b l o o d  i t s e l f .  G o l d s t e i n  ( 1 9 4 9 )  i n ,  an
e x c e l l e n t  and f a r - s i g h t e d  r e v i e w  i n d i c a t e d  t h e  i m p o r t a n c e  
o f  t h i s  i n t e r a c t i o n  b u t  i t  i s  o n l y  r e c e n t l y  t h a t  t h e  
s i g n i f i c a n c e  o f  t h i s  phenom enon  h a s  b e e n  w i d e l y  
a p p r e c i a t e d .  More r e c e n t  r e v i e w s  i n c l u d e  t h a t  o f  Thorp  
( 1 9 6 4 ) ,  Meyer  and Gut tman ( 1 9 6 8 )  and G o l d s t e i n ,  e t  a l ,
( 1 9 6 8 )  .
A l a r g e  num ber and v a r i e t y  o f  i o n s  and s m a l l
m o l e c u l e s  b o t h  e n d o g e n o u s  and e x o g e n o u s  a r e  bound  t o
p l a s m a  p r o t e i n s  i n  v a r y i n g  a m o u n t s .  The f o r c e s  r e s p o n s i b l e  
f o r  t h e  a t t r a c t i o n  b e t w e e n  s m a l l  m o l e c u l e s  s u c h  a s  d r u g s  
and p r o t e i n s  may be  i o n i c  b o n d s ,  h y d r o g e n  b o n d s ,  L o n d o n - v a n  
d e r  W a a l s ’ f o r c e s ,  o r  h y d r o p h o b i c  b o n d s .  I t  i s  l i k e l y
t h a t  f o r  m o s t  d r u g - p r o t e i n  i n t e r a c t i o n s  more  t h a n  o n e  
t y p e  o f  bond c o n t r i b u t e s  t o  t h e  b i n d i n g ,  t h e  p r i m a r y  
a t t r a c t i o n  may r e s u l t  f ro m i o n i c  a t t r a c t i o n  b u t  a s  t h e  
two m o l e c u l e s  come c l o s e r  t o g e t h e r  t h e  w e a k e r  f o r c e s  s u c h  
a s  h y d r o p h o b i c  b o n d i n g  c a n  r e i n f o r c e  t h e  p r i m a r y  a t t r a c t i o n .  
The i n t e r a c t i o n s  o c c u r i n g  i n  t h i s  way a r e  r e v e r s i b l e  and
a r e  t h e r e f o r e  c o n s i d e r e d  t o  o be y  t h e  l aw o f  mas s  a c t i o n ,
\
o t h e r w i s e  m o s t  d r u g s  w o u l d  h a v e  v e r y  l o n g  p e r s i s t e n c e  and 
d u r a t i o n  o f  a c t i o n  i n  t h e  b o d y .
P l a s m a  c o n t a i n s  a l a r g e r  v a r i e t y  o f  p r o t e i n s  and a l l  
o f  t h e s e  c a n  p o t e n t i a l l y  i n t e r a c t  w i t h  d r u g s ,  b u t  s o  f a r  t h e  
y g l o b u l i n s  h a v e  n o t  b e e n  f o u n d  t o  i n t e r a c t  s i g n i f i c a n t l y  
w i t h  d r u g s .  The a and 3 g l o b u l i n s  b i n d  a l a r g e  num ber o f  
l i p i d  s o l u b l e  m o l e c u l e s  i n c l u d i n g  a l a r g e  num ber o f  
e n d o g e n o u s  c o m p o u n d s , e . g .  c o r t i s o l  and o t h e r  s t e r o i d  
h o r m o n e s ,  t h y r o x i n e ,  v i t a m i n s - A ,  B^2» D an<  ^ E and c h o l e s t e r o l , ;  
and l i p o p r o t e i n s  h a v e  b e e n  i s o l a t e d  t h a t  c a n  be  c o n s i d e r e d  
t o  a c t  a s  s p e c i f i c  ’ c a r r i e r *  or  1 t r a n s p o r t 1 p r o t e i n s  f o r  
c e r t a i n  h o r m o n e s  and v i t a m i n s .  A l b u m i n  i s  t h e  p r i n c i p a l  
p l a s m a  p r o t e i n  ( -50% o f  t h e  t o t a l )  and i s  t h e  m o s t  
i m p o r t a n t  c o n t r i b u t o r  t o  p l a s m a  p r o t e i n  b i n d i n g .  B o v i n e  
and human s erum a l b u m i n  a r e  now w e l l  c h a r a c t e r i s e d  and  
r e a d i l y  a v a i l a b l e  i n  c r y s t a l l i n e  f or m and s o  a r e  w i d e l y  
u s e d  f o r  i n  v i t r o  s t u d i e s  o f  d r u g - p r o t e i n  i n t e r a c t i o n .
A l b u m i n  h a s  a m o l e c u l a r  w e i g h t  o f  a b o u t  6 9 , 0 0 0  and i t s  
i s o e l e c t r i c  po i n t <  i s  a t  -pH5 w hen i t  c a r r i e s  a b o u t  100  
e a c h  o f  p o s i t i v e  and n e g a t i v e  c h a r g e s .  At  p l a s m a  pH 
( 7 . 4 )  i t  h a s  a n e t  n e g a t i v e  c h a r g e  b u t  c a n  n e v e r t h e l e s s  
i n t e r a c t  s t r o n g l y  w i t h  a n i o n s  as  w e l l  as  c a t i o n s .  The  
t o t a l  num ber o f  b i n d i n g  s i t e s  f o r  d ru g  m o l e c u l e s  p e r  
a l b u m i n  m o l e c u l e  i s  g e n e r a l l y  much l o w e r  t h a n  t h e  t o t a l  
num ber o f  c h a r g e  g r o u p s ,  b u t  t h e  num ber v a r i e s  w i t h  t h e  
m o l e c u l a r  s t r u c t u r e  o f  t h e  d r u g .
The v e h i c l e  f u n c t i o n  o f  p l a s m a  p r o t e i n s  was  p o s t u l a t e d  
a s  e a r l y  as  t h e  1 9 3 0 s  by  B e n n h o l d  ( 1 9 3 8 )  and t h i s  t o p i c  i s  
t h e  s u b j e c t  o f  a r e c e n t  s y m p o s i um  e d i t e d  by D e s g r e y  and  
De T r a v e r s e  ( 1 9 6 6 ) .  T h e r e  i s  l i t t l e  d o u b t  t h a t  p l a s m a  
p r o t e i n s  p l a y  an i m p o r t a n t  r o l e  i n  s o l u b i l i s i n g  c e r t a i n  
d r u g s  eg d ic o u m a ro l ( B r o d i e  and H o gb en ,  1 9 5 7 )  .
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The e f f e c t  o f  p r o t e i n  b i n d i n g  on t h e  d i s t r i b u t i o n  
and e l i m i n a t i o n  o f  d r u g s  was  r e c e n t l y  r e v i e w e d  by Keen  
( 1 9 7 1 ) .  A c c o r d i n g  t o  B r o d i e  and Hogben ( 1 9 5 7 )  t h e  
f o r m a t i o n  o f  d r u g - p r o t e i n  c o m p l e x e s  h i n d e r s  t h e  drug  
t r a n s p o r t  o u t  o f  t h e  p l a s m a  and M a r t i n  ( 1 9 6 5  a and b)  
h a s  p r e s e n t e d  a t h e o r e t i c a l  t r e a t m e n t  s u p p o r t i n g  t h i s  
c l a i m .  H o w e v e r  t h e  c o n s i d e r a t i o n s  o u t l i n e d  by Thorp  '
( 1 9 6 4 )  and Wagner ( 1 9 6 8 b ) s u g g e s t  t h a t  e v e n  h i g h l y  b ound  
d r u g - p r o t e i n  c o m p l e x e s  w i l l  h a v e  l i t t l e  o r  no e f f e c t  on t h e  
o v e r a l l  k i n e t i c s  i n  t h e  b o d y .  U n f o r t u n a t e l y  t h e  m a j o r i t y  
o f  p l a s m a  p r o t e i n  b i n d i n g  s t u d i e s  a r e  c a r r i e d  o u t  i n  v i t r o  
u n d e r  e q u i l i b r i u m  c o n d i t i o n s  and t h i s  t e n d s  t o  o b s c u r e  t h e  
k i n e t i c  n a t u r e  o f  t h e  i n t e r a c t i o n .
The r o l e  o f  h y d r o p h o b i c  b o n d i n g  i n  t h e  b i n d i n g  o f  d r u g s  
t o  s er u m a l b u m i n  h a s  b e e n  s t u d i e d  by a num ber o f  
i n v e s t i g a t o r s .  H a ns ch  h a s  s t u d i e d  t h e  b i n d i n g  o f  a w i d e  
v a r i e t y  o f  r o u g h l y  n e u t r a l  compounds  w i t h  b o v i n e  s er u m  
a l b u m i n  ( H a n s c h ,  e t  a l  196 5  ; He l me r  e t  a l , 1 9 6 8 )  . A  
e x c e l l e n t  c o r e l a t i o n  was f o u n d  b e t w e e n  l o g  P and t h e  m o l a r  
c o n c e n t r a t i o n  o f  com pound n e c e s s a r y  t o  f o r m  a 1 . 1  c o m p l e x  
w i t h  BSA. S i m i l a r  r e l a t i o n s h i p s  w e r e  f o u n d  by S c h o l t o n  (1968 )  
u s i n g  s e v e r a l  d i f f e r e n t  t y p e s  o f  d r u g s  and s t e r o i d s ,  B i r d  
and M a r s h a l l  ( 1 9 6 7 )  u s i n g  p e n i c i l l i n s  and P a t e l  e t  a l
( 1 9 6 8 )  u s i n g  p - h y d r o x y b e n z o i c  a c i d  e s t e r s .  C a l c u l a t i o n s  
c a r r i e d  o u t  on t h e  f r e e  e n e r g y  o f  b i n d i n g  i n  t h e  a b o v e  
s t u d i e s  show t h a t  s t e r i c  e f f e c t s  and s p e c i f i c  h y d r o g e n  
b o n d i n g  ( n o t  a c c o u n t e d  f o r  by t h e  p a r t i t i o n i n g  r e f e r e n c e  
s y s t e m )  a r e  n o t  i m p o r t a n t  ( H a n s c h ,  1 9 7 1 ) .
I t  i s  o f  i n t e r e s t  t h a t  many a n i o n i c  c ompounds  a r e  
bound  w i t h  i n c r e a s i n g  a v i d i t y  a s  t h e i r  a p o l a r  c h a r a c t e r  
i n c r e a s e s .  T h i s  h as  b e e n  shown w i t h  h o m o l o g o u s  s e r i e s  o f  
f a t t y  a c i d s  ( T e r e s i  and L u c k ,  1 9 5 2 ;  Goodman,  1 9 5 8 ) ,  s u l p h a t e s ,  
s u l p h o r v a t e s  and a l c o h o l s  (Ray e t  a 1 , 196 6  ; R e y n o l d s  e t  a 1 ,
1 9 6 7 ,  1 9 6 8 ) .  O t h e r  a n u t r i e n t s  w h i c h  a r e  bound t o  s e r u m  
a l b u m i n  a t  l e a s t  p a r t l y  by h y d r o p h o b i c  i n t e r a c t i o n s  i n c l u d e  
w a r f a r i n  ( O ’R e i l l y ,  1 9 6 7 )  f l u o r e s c e i n  ( A n d e r s s o n ,  e t  a 1 ,
1 9 7 1 )  and p h e n o t h i a z i n e s  ( K r i e g l s t e i n  e t  a l , 1 9 7 2  a and b)  .
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Sw aney and K l o t z  ( 1 9 7 0 )  r e c e n t l y  i n v e s t i g a t e d  t h e  
am ino a c i d  s e q u e n c e  a d j a c e n t  t o  t h e  t r y p t o p h a n  r e s i d u e  
o f  human s er u m a l b u m i n ,  w h i c h  i t  h a s  b e e n  s u g g e s t e d  i s  t h e  
b i n d i n g  s i t e  f o r  many compounds  ( R e y n o l d s ,  e t  a l , 1 967  ;
H e r s k o v i t s  and S o r e n s e n ,  1 9 6 8 ;  R y a n ,  1 9 6 8 ;  Ryan and G i b b s ,  
1 9 7 0 ) .  They f o u n d  t h e  p r i m a r y  s t r u c t u r e  a d j o i n i n g  t h e  
t r y p t o p h a n  t o  be
L y s - A l a - T r p - A l a - V a  1 -A la -A r .g
w h i c h  t h e y  p o s t u l a t e  c o n t a i n s  a l a r g e  e n o u g h  num ber o f  
n o n - p o l a r  r e s i d u e s  b e t w e e n  t h e  c a t i o n i c  r e s i d u e s  l y s i n e  and  
a r g i n i n e  t o  p r e s e n t  a f a v o u r a b l e  s i t e  f o r  h y d r o p h o b i c  
b o n d i n g .
T h e r e f o r e  t h e  p o t e n t i a l  f o r  p l a s m a  a l b u m i n  t o  i n t e r a c t  
w i t h  a l m o s t  a l l  compounds  e x i s t s .  Y e t  t h e  s i g n i f i c a n c e  o f  
t h i s  i n t e r a c t i o n  i n  v i v o  s t i l l  r e m a i n s  t o  b e  e l u c i d a t e d  
and o n l y  i n  a f e w  c a s e s  ( e g  b i s h y d r o x y c o u m a r i n  -  N a g a s h i m u r a ,  
e t  a l ,  1 9 6 8 )  h a s  t h i s  phenom enon b e e n  shown t o  a f f e c t  
t h e  o v e r a l l  k i n e t i c s  o f  d r u g  d i s p o s i t i o n .
D. URUG ELIMINATION
The e l i m i n a t i o n  r a t e  o f  a d r u g  f r om t h e  b o dy  i s  a c r i t i c a l  
d e t e r m i n a n t  o f  t h e  r a t e  o f  c h a n g e  o f  drug  l e v e l  i n  t h e  b o d y .  
A l t h o u g h  t h e  p o s s i b l e  c o n t r o l  o f  t h e s e  e l i m i n a t i o n  p r o c e s s e s  
i s  q u i t e  l i m i t e d ,  a t h o r o u g h  k n o w l e d g e  o f  t h e  p a t h w a y s  and  
k i n e t i c  p a r a m e t e r s  o f  e l i m i n a t i o n  a r e  o f  v i t a l  i m p o r t a n c e .
The e l i m i n a t i o n  o f  a d r u g  f r om t h e  b o d y  u s u a l l y  i n v o l v e s  
a num ber o f  s u m u l t a n e o u s  p r o c e s s e s .  The m o s t  i m p o r t a n t  o f  t h e s e  
i s  m e t a b o l i s m  t o  a p h a r m o c o l o g i c a l l y  i n a c t i v e  f or m and r e n a l  
e x c r e t i o n  o f  e i t h e r  t h e  p a r e n t  d r u g  o r  i t s  m e t a b o l i t e s .  A 
num ber o f  n o n - r e n a l  e x c r e t i o n  r o u t e s  a l s o  e x i s t  and t h e s e  h a v e  
b e e n  t h e  s u b j e c t  o f  a r e c e n t  r e v i e w  ( S t o w e  and P l a a ,  1 9 6 8 ) .
i . G e n e r a l  A s p e c t s  o f  Drug M e t a b o l i s m
M e t a b o l i s m  o f  d r u g s  by  t h e  b o d y  r e s u l t s  i n  an i n c r e a s e  
i n  p o l a r i t y  and w a t e r - s o l u b i l i t y  o f  t h e  compound w h i c h  r e s u l t s  
i n  a more  r a p i d  e l i m i n a t i o n  ( W i l l i a m s ,  1 9 5 9 ) .  I n  g e n e r a l ,  
m e t a b o l i t e s  h a v e  d e c r e a s e d  i n t r i n s i c  p h a r m a c o l o g i c a l  a c t i v i t y ^  
i n  a d d i t i o n  t o  a d e c r e a s e d  a b i l i t y  t o  p e r m e a t e  l i p o i d  b a r r i e r s  
i n  t h e  b o dy  t o  r e a c h  t h e  e f f e c t i v e  s i t e  o f  a c t i o n .  F u r t h e r m o r e ,  
m e t a b o l i t e s  a r e  u s u a l l y  more  r e a d i l y  c l e a r e d  by t h e  k i d n e y  t h a n  
t h e  p a r e n t  com pound s i n c e  i t s  p o l a r  n a t u r e  m i n i m i s e s  r e n a l  
t u b u l a r  r e a b s o r p t i o n .
The e n z y m e s  w h i c h  e f f e c t  drug  m e t a b o l i s m  a l s o  m e t a b o l i s e  
p e s t i c i d e s ,  f o o d  a d d i t i v e s  and o t h e r  a n u t r i e n t s ,  a l t h o u g h  
t h e  n o rm a l b i o c h e m i c a l  r o l e  o f  t h e s e  e n z y m e s  i s  beli& ved  t o  
be  c o n c e r n e d  w i t h  t h e  d e a c t i v a t i o n  o f  e n d o g e n o u s  h o r m o n e s  and  
t h e  d e t o x i c a t i o n  o f  t h e  n a t u r a l  n u t r i e n t s  o f  t h e  d i e t  ( P a r k e ,  
1 9 6 8 ) .  T h e s e  e n z y m e s  a r e  nu me r o u s  and by n e c e s s i t y  e n c o m p a s s  
a w i d e  s p e c t r u m  o f  m e t a b o l i c  a c t i v i t y  s i n c e  t h e r e  i s  a g r e a t  
d i v e r s i t y  i n  t h e  c h e m i c a l  s t r u c t u r e  o f  t h e i r  s u b s t r a t e s .
The m e t a b o l i s m  o f  d r u g s  i s  c h a r a c t e r i s e d  by two p h a s e s  
o f  r e a c t i o n :  m e t a b o l i c  t r a n s f o r m a t i o n  and c o n j u g a t i o n  
( W i l l i a m s ,  1 9 6 3 ) .  M e t a b o l i c  tr a n s fo r m a t io n s  a r e  e n z y m i c  
r e a c t i o n s  i n  w h i c h  d r u g s  may u n d e r g o  a w i d e  v a r i e t y  o f  
o x i d a t i o n s ,  r e d u c t i o n s  and h y d r o l y s e s .  They  r e s u l t  i n  t h e
i n t r o d u c t i o n  o r  u n m a sk in g o f  f u n c t i o n a l  g r o u p s ,  w h i c h  i n c r e a s e
t h e  p o l a r i t y  o f  t h e  m o l e c u l e s  and s e r v e  as  a c e n t r e  f o r  t h e
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s e c o n d  p h a s e ,  c o n j u g a t i o n .  The r e s u l t i n g  m o l e c u l e s  ( c o n j u g a t e s )  
a r e  c o n s i d e r a b l y  more  p o l a r ,  l e s s  l i p i d - s o l u b l e  and more r e a d i l y  
e x c r e t e d • !
The e n z y m e s  w h i c h  c a r r y  o u t  t h e  m e t a b o l i s m  o f  d r u g s  a r e  
l o c a t e d  m a i n l y  i n  t h e  l i v e r  b u t  a r e  a l s o  f o u n d  i n  t h e  b l o o d ,  
i n t e s t i n a l  m u c o s a ,  k i d n e y s ,  l u n g s  and s k i n  ( P a r k e ,  1 9 6 8 ) .
W i t h i n  t h e  c e l l  t h e  e n z y me s  may be  f o u n d  i n  t h e  s o l u b l e  c y t o ­
p l a s m  and m i t o c h o n d r i a  b u t  p a r t i c u l a r l y  i n  t h e  e n d o p l a s m i c  
r e t i c u l u m  ( B r o d i e ,  e t  a l , 1 9 5 8 )  .
The m e t a b o l i c  t r a n s f o r m a t i o n s  w h i c h  d r u g s  u n d e r g o  i n  t h e  
a n i m a l  bo d y  may b e  c l a s s e d  on a c h e m i c a l  b a s i s  i n t o  r e a c t i o n s  
w h i c h  a r e  f u n d a m e n t a l l y  o x i d a t i o n s ,  r e d u c t i o n s  or  h y d r o l y s e s .
They may a l s o  b e  c l a s s i f i e d  a c c o r d i n g  t o  t h e  n a t u r e  and l o c a l i s a ­
t i o n  o f  t h e  e n z y me s  w h i c h  c a t a l y s e  t h e  r e a c t i o n s  ( P a r k e ,  1 9 6 8 ) .
a .  H e p a t i c  d r u g  m e t a b o l i s i n g  e n z y m e s  o f  t h e  e n d o p l a s m i c  
r e t i c u l u m .  T h e s e  i n c l u d e  t h e  " m i x e d - f u n c t i o n  o x i d a s e s "  w h i c h  
c a t a l y s e  t h e  v a r i o u s  o x y g e n a t i o n s  o f  d r u g s ,  a n u t r i e n t s ,  s t e r o i d s  
and p e r o x i d a t i o n  o f  l i p i d s ;  r e d u c t a s e s  w h i c h  c a t a l y s e  t h e  
r e d u c t i o n  o f  n i t r o  and a z o  g r o u p s  and r e d u c t i v e  d e h a l o g e n a t i o n ; 
and e s t e r a s e s .
b .  N o n - m i c r o s o m a l  drug  m e t a b o l i s i n g  e n z y m e s .  T h e s e  i n c l u d e  
a mi n e  o x i d a s e s ,  w h i c h  m e t a b o l i s e  a m i n e s  i n t o  a l d e h y d e s ,  and  
e n z y m e s  w h i c h  c o n v e r t  . s a t u r a t e d  a l i c y c l i c  compounds  i n t o  
b e n z e n o i d  d e r i v a t i v e s ;  b o t h  o f  w h i c h  a r e  f o u n d  i n  t h e  m i t o c h o n d r i a  
o f  t h e  l i v e r  and o t h e r  t i s s u e s .  A l c o h o l  d e h y d r o g e n a s e ,  a l d e h y d e  
o x i d a s e ,  and x a n t h i n e  o x i d a s e ,  w h i c h  m e t a b o l i s e  a l c o h o l s  t o  
a l d e h y d e s  and a c i d s ,  a r e  f o u n d  i n  t h e  c y t o p l a s m  o f  l i v e r  c e l l s .
c .  Drug m e t a b o l i s i n g  r e a c t i o n s  w h i c h  a r e  c a t a l y s e d  by t h e  
i n t e s t i n a l  m i c r o f l o r a .  T h e s e  r e a c t i o n s  a r e  p a r t i c u l a r l y  
i m p o r t a n t  f o r  compounds  w h i c h  a r e  b i l i a r y  e x c r e t e d  and may 
a f f e c t  any dru g  a d m i n s t e r e d  o r a l l y .  I n  t h e  p a r t i a l l y  a n a e r o b i c  
a t m o s p h e r e  o f  t h e  i n t e s t i n e s ,  m o s t  o f  t h e  m e t a b o l i c  r e a c t i o n s  
c a t a l y s e d  by t h e  m i c r o f l o r a  a r e  r e d u c t i v e .  T h e s e  i n c l u d e
t h e  r e d u c t i o n  o f  N - o x i d e s  and a z o  c o m p o u n d s ,  h y d r o l y s i s  o f
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e s t e r s  and g l y c o s i d e s  and t h e  h y d r o l y t i c  s c i s s i o n  o f  c y c l i c
t o p i c  h a v e  b e e n  w r i t t e n  by S c h e l i n e  ( 1 9 6 8 ) ,  Wi1 1 i a ms  ( 1 9 7 2 )  
and H a r t i a l a  ( 1 9 7 3 ) *  '
P h a s e  I  r e a c t i o n s  h a v e  b e e n  e x t e n s i v e l y  r e v i e w e d  i n  t h e  
l i t e r a t u r e  by W i l l i a m s  ( 1 9 5 9 ) ,  G i l l e t t e  ( 1 9 6 3  and 1 9 6 6 ) ,
P a r k e  ( 1 9 6 8 )  and B r o d i e  and G i l l e t t e  ( 1 9 7 1 ) .
C o n j u g a t i o n s  ( P h a s e  I I  r e a c t i o n s )  a r e  b i o s y n t h e s e s  
i n v o l v i n g  t h e  a d d i t i o n  o f  m o l e c u l e s  o r  g r o u p s  o f  e n d o g e n o u s  
o r i g i n  ( e . g .  g l u c u r o n i c  a c i d ,  s u l p h a t e ,  a c e t y l ,  m e t h y l ,  
g l y c i n e )  t o  f u n c t i o n a l  g r o u p s  ( e . g .  h y d r o x y l ,  a m i n o ,  c a r b o x y l )  
o f  d r u g s  o r  m e t a b o l i t e s .  I n  many c a s e s  t h e  c o e n z y m e s  w h i c h  
a r e  e n v o l v e d  i n  t h e  t r a n s f e r  o f  t h e  e n d o g e n o u s  s u b s t r a t e  a l s o  
p a r t i c i p a t e  i n  t h e  i n t e r m e d i a r y  m e t a b o l i s m  o f  n u t r i e n t s  ( e . g .  
u r i i i n e  d i p h o s p h a t e  g l u c u r o n i c  a c i d ,  a c e t y l  c o e n z y m e  A) b u t  
d i f f e r e n t  e n z y m e s  a r e  i n v o l v e d .
C o n j u g a t i n g  a c t i v i t y  h a s  b e e n  d e m o n s t r a t e d  i n  t h e  l i v e r ,  
k i d n e y  and g a s t r o i n t e s t i n a l  t r a c t .  The e n z y me s  r e s p o n s i b l e  
o c c u r  i n  b o t h  mi c r o s , ome s  and t h e  c y t o p l a s m .  T h e s e  r e a c t i o n s  
h a v e  a l s o  b e e n  e x t e n s i v e l y  r e v i e w e d ,  p a r t i c u l a r l y  i n  t h e  m u l t i  
v o l u m e  w o r k s  e d i t e d  by F i s h m a n ( 1 9 7 0 )  and B r o d i e  and G i l l e t t e
i i • O x i d a t i v e  M e t a b o l i s m  by t h e  L i v e r
O x i d a t i v e  r e a c t i o n s  a r e  e x t r e m e l y  common i n  d r u g  m e t a b o l i s m
knd h e t e r o c y c l i c  c o m p o u n d s .  C om prehensive r e v i e w s  on t h i s
( 1 9 7 1 )
and i t  i s  o f  i n t e r e s t  t h a t  a l l  t h e s e  r e a c t i o n s  c a n  b e  e n v i s a g e d  
a s  h y d r o x y l a t i o n  r e a c t i o n s  ( G i l l e t t e  1 9 6 6 ) .
A r o m a t i c  h y d r o x y l a t i o n
r - c 6 h5 k ”-1 • t>— i  R-C.H^OHO D
A l i p h a t i c  h y d r o x y l a t i o n
r - c h2 oh
N -D eall^ jla  t i  on
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0 - D e a l k y l a t i o n
r - o- ch3 --------1> [ r - o- c h2 o h ] . R-OH + CHo0 2
D e a m i n a t i  on
R - C H ( N H 2 ) - C H 3 £ R~CO“ CH3 + NH3
S - O x i d a t i o n
+ +R - S - R 1 -0- R - S O H - R 1 O R - S O - R 1 + H
N - O x i d a t i o n
( c h 3 ) 3 n
L ° h3
±  ( C H 3 ) 3 NOH
+ +
■> (CH3 ) 3 N0 + H
T h i s  h y d r o x y l a t i n g  s y s t e m  h a s  b e e n  t e r m e d  a " mi x e d  
f u n c t i o n  o x i d a s e "  ( Ma s o n ,  1 9 5 7 )  or  " m o n o o x y g e n a s e "  
( H a y a i s h i , 1 9 6 2 )  s i n c e  i n  t h e  c o u r s e  o f  t h e  r e a c t i o n  o n e  o f  
t h e  o x y g e n  a t oms  o f  0 2 i s  i n c o r p o r a t e d  i n t o  t h e  s u b s t r a t e  
and t h e  o t h e r  i n t o  h 2 0 .  The g e n e r a l  e q u a t i o n  f o r  t h e  
p r o c e s s  b e i n g  -
R-H + NADPH + H+ +0 2 R-OH + NADP+ + H2 0
v h e r e  R-H i s  t h e  s u b s t r a t e  ( w h i c h  may be  a f o r e i g n  compound,  
s t e r o i d  o r  l i p i d )  and R-OH t h e  h y d r o x y l a t e d  p r o d u c t .
I t  i s  now w e l l  e s t a b l i s h e d  t h a t  t h e  m i c r o s o m a l  h y d r o x y l a t i n g  
s y s t e m  c o n s i s t s  o f  a t  l e a s t  two c a t a l y t i c  c o m p o n e n t s  -  a c y t o c h r o m  
c a l l e d  P - 4 5 0  (Omura and S a t o ,  1 9 6 4 a  and b)  and a f l a v o p r o t e i n  
c a t y l y s i n g  t h e  r e d u c t i o n  o f  t h i s  c y t o c h r o m e  by NADPH, c a l l e d  
NADPH- cyt ochrome  P - 4 5 0  r e d u c t a s e .  C y t o c h r o m e  P - 4 5 0  i s  
c h a r a c t e r i s e d  by i t s  s e n s i t i v i t y  t o  c a r b o n  m o n o x i d e ,  w h i c h  
b i n d s  t o  t h e  r e d u c e d  f o r m o f  t h e  c y t o c h r o m e  g i v i n g  r i s e  t o  a 
c h a r a c t e r i s t i c  a b s o r p t i o n  s p e c t r u m  w i t h  a maximum a t  4 5 0  nm 
( K l i n g e n b e r g , 1 9 5 8 ;  G a r f i n k e l ,  1 9 5 8 ) .  The c y t o c h r o m e  i s  
r e a d i l y  d e n a t u r e d  and c o n v e r t e d  i n t o  a h a e m o c h r o m o g e n  w i t h  a 
s h i f t  i n  t h e  a b s o r p t i o n  maximum o f  i t s  C O - c o m p l e x  t o  4 2 0  nm 
(Omura and S a t o ,  1 9 6 4 a  and b ) ,
Wh e t he r  t h e  f l a y o p r o t e i n  i n t e r a c t s  d i r e c t l y  w i t h  
c y t o c h r o m e  P - 4 5 0  i n  t h e  c o u r s e  o f  t h e  h y d r o x y l a t i o n  i s  n o t
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known and t h e r e  a r e  i n d i c a t i o n s  t h a t  t h i s  i s  n o t  t h e  c a s e ( 
O 'rr .en iu s,. 1 9 7 1 ) .  T h e r e  i s  a l s o  e v i d e n c e  f o r  an i n t e r a c t i o n  
o f  t h e  N AD P H - l i n k e d  h y d r o x y l a t i n g  s y s t e m  w i t h  t h e  NADH- 
c y t o c h r o m e  c. r e d u c t a s e  ( c o n s i s t i n g  o f  t h e  f l a v o p r o t e i n  
NAD H- cy t oc hr o me  r e d u c t a s e  and c y t o c h r o m e  b, . )  p r e s e n t  i n
t h e  l i v e r  ( C o o p e r , e t  a l , 1 9 6 5 ;  S a t o  e t  a l , 1 9 6 5 ) .  T h i s  
i n t e r a c t i o n  b e t w e e n  two e l e c t r o n  t r a n s p o r t  c h a i n s  i s  t h o u g h t  
t o  o c c u r  t h r o u g h  s e v e r a l  i n t e r m e d i a t e s  ( O r r e n i u s ,  e t  a 1 ,
1 9 7 0 ;  G n o s s p e l i u s  e t  a l , 1 9 6 9 ) .
T h e r e  i s  e v i d e n c e  t h a t  t h e  h y d r o x y l a t i n g  r e a c t i o n  i n v o l v e s  
a b i n d i n g  o f  t h e  s u b s t r a t e  t o  c y t o c h r o m e  P - 4 5 0 .  Such  b i n d i n g s  
h a s  b e e n  i n f e r r e d  f r o m s p e c t r a l  c h a n g e s  t h a t  o c c u r  w hen v a r i o u s  
s u b s t r a t e s  c a p a b l e  o f  u n d e r g o i n g  h y d r o x y l a t i o n  a r e  a d d e d  t o  
a s u s p e n s i o n  o f  m i c r o s o m e s  (Remmer e t  a l , 1 9 6 6 ;  I m a i  and S a t o ,  
1 9 6 6 ;  S c h e n k ma n ,  e t  a 1 , 1 9 6 7 ) .  The s p e c t r a l  c h a n g e s  o b t a i n e d  
w i t h  v a r i o u s  s u b s t r a t e s  c a n  be  d i v i d e d  i n t o  two c l a s s e s  -  a 
t y p e  I  s p e c t r a l  c h a n g e  c h a r a c t e r i s e d  by a p e a k  a t  385  nm and  
a t r o u g h  a t  4 20  nm; and a t y p e  I I  s p e c t r a l  c h a n g e ,  c h a r a c t e r i s e d  
by a t r o u g h  i n  t h e  4 0 0  nm r e g i o n  and a p e a k  i n  t h e  4 3 0  nm r e g i o n  
o f  t h e  d i f f e r e n c e  s p e c t r a  o f  t h e  m i c r o s o m e s .  The m a g n i t u d e  o f  
t h e s e  s p e c t r a l  c h a n g e s  w e r e  f o u n d  t o  be  d e p e n d a n t  on t h e  c o n ­
c e n t r a t i o n  o f  s u b s t r a t e  and m i c r o s o m a l  p r o t e i n . S c h e n k m a n  e t  a l  
( 1 9 6 7 )  p r o p o s e d  t h a t  t h e  b i n d i n g  o f  t h e  s u b s t r a t e  t o  c y t o c h r o m e  
P - 4 5 0  p r e c e d e s  e n z y m a t i c  c o n v e r s i o n  and t h e r e f o r e  t h e  a p p e a r a n c e  
o f  a s p e c t r a l  c h a n g e  m i g h t  be  r e g a r d e d  a s  e v i d e n c e  f o r  t h e  
f o r m a t i o n  o f  an e n z y m e - s u b s t r a t e  c o m p l e x .  T h i s  p o s t u l a t e  was
i  # . # ,
b a s e d  l a r g e l y  on t h e  o b s e r v a t i o n  t h a t  t h e  s p e c t r a l  d i s s o c i a ­
t i o n  c o n s t a n t s  w e r e  r e l a t e d  t o  t h e  M i c h a e l i s  c o n s t a n t s  o f  t h e  
s u b s t r a t e  s t u d i e d .  I t  was  f u r t h e r  p r o p o s e d  t h a t  t y p e  I I  
s u b s t r a t e s  i n t e r a c t  w i t h  th e : ir o n  a t  th e  Cu- - b i n d i n g  s i t e  o f  t h e  
haeme b e c a u s e  t h e s e  compounds  d i s p l a c e d  CO f ro m t h e  C O - c y t o c h r o m e  
P - 4 5 0  c o m p l e x .  The i n t e r a c t i o n  o f  t y p e  I compounds  was  c o n ­
s i d e r e d  t o  t a k e  p l a c e  a t  a d i f f e r e n t  s i t e  s i n c e  no d i s p l a c e ­
ment  o f  CO was  o b s e r v e d  u s i n g  t y p e  I  s u b s t r a t e s .  F u r t h e r  
e v i d e n c e  f o r  t h e  d i s s i m i l a r i t y  o f  t h e  two b i n d i n g  s i t e s  was  
p r o v i d e d  by  C h a p l i n  and M a n n e r i n g  ( 1 9 7 0 )  who o b s e r v e d  t h a t  
d i g e s t i o n  o f  m i c r o s o m e s  w i t h  p h o s p h o l i p a s e  C d e s t r o y e d  Type  I
b i n d i n g  b u t  d i d  n o t  d e c r e a s e  Type I I  b i n d i n g .  The t y p e  I 
b i n d i n g  s i t e  i s  t h o u g h t  t o  be  l o c a t e d  i n  an u n d e t e r m i n e d  
h y d r o p h o b i c  r e g i o n  o f  t h e  c y t o c h r o m e  P - 4 5 0  p r o t e i n  or  i n  t h e  
l i p i d s  o f  t h e  m i c r o s o m a l  membrane ( C h a p l i n  and M a n n e r i n g ,
1 9 7 0 )  .
The r e a c t i o n  s e q u e n c e  c a t a l y s e d  by t h e  m i c r o s o m a l  
h y d r o x y l a t i n g  s y s t e m  may be  v i s u a l i s e d  i n  t h e  f o l l o w i n g  
s t e p s  ( ' E s t a b r o o k ,  e t  a l , 1 9 7 0 )  -  i .  r e d u c t i o n  o f  f l a v o p r o t e i n  
by NADPH; i i .  b i n d i n g  o f  s u b s t r a t e  t o  o x i d i s e d  f o r m  o f  
c y t o c h r o m e  P - 4 5 0 ;  i i i .  r e d u c t i o n  o f  c y t o c h r o m e  P - 4 5 0 -  
s u b s t r a t e  c o m p l e x  by t h e  r e d u c e d  f l a v o p r o t e i n ;  i v .  b i n d i n g  
o f  0^ t o  r e d u c e d  c o m p l e x ;  v .  d i s s o c i a t i o n  o f  t h e  o x i d i s e d  
c y t o c h r o m e  P - 4 5 0  and t h e  o x i d i s e d  p r o d u c t .
The i m p o r t a n c e  o f  l i p o p h i l i c  c h a r a c t e r  i n  t h e  r a t e  o f
o x i d a t i v e  m e t a b o l i s m  o f  d r u g s  was  f i r s t  n o t e d  by G a u d e t t e
and B r o d i e  ( 1 9 5 9 ) .  I n  1 9 6 1  Kurz s howed  t h a t  t h e  r a t e  o f
u p t a k e  o f  a d r u g  by t h e  l i v e r  was  d e p e n d a n t  upon  p a r t i t i o n
c o e f f i c i e n t .  S u b s e q u e n t  s t u d i e s  h a v e  p r o v i d e d  e v i d e n c e  f o r
( H a n s c h ,  e t  a l , 1 9 6 5 ;  M a r t i n  and H a n s c h ,  1 9 7 1 )  and a g a i n s t
( M a z e ! ,  e t  a l  1965  and 1 9 6 6 )  t h i s  c o n c e p t .  I c h i k a w a  e t  a l
( 1 9 6 9 )  showe d  t h a t  o t h e r  p h y s i c a l - c h e m i c a l  p a r a m e t e r s  w e r e
p r e d o m i n a n t  t o  l i p o p h i l i c i t y  i n  4 - h y d r o x y l a t i o n  o f  s u b s t i t u t e d
a n i l i n e s .  T h e r e f o r e  i t  w o u l d  a p p e a r  t h a t  l i p o p h i l i c i t y  i s
i m p o r t a n t  f o r  c e r t a i n  s t e p s  i n  o x i d a t i v e  m e t a b o l i s m  b u t  w hen
v i e w e d  as  an o v e r a l l  p r o c e s s  o t h e r  f a c t o r s  may w e l l  be  r a t e
l i m i  t i n g  c 
»
One w o u l d  e x p e c t  t h a t  l i p o p h i l i c i t y  w o u l d  be  t h e  p r i m e  
d e t e r m i n a n t  f o r  t h e  f o r m a t i o n  o f  t h e  d m g - c y t o c h r o m e  P—4 5 0  co m p lex . 
I c h i k a w a  and Yamano ( 1 9 6 7  and 1 9 7 0 ) h a v e  show n a g o o d  c o r r e l a ­
t i o n  b e t w e e n  log P and t h e  c o n c e n t r a t i o n  o f  s u b s t i t u e n t  
p h e n o l s  and a n i l i n e s  n e c e s s a r y  f o r  c o n v e r t i n g  c y t o c h r o m e  
P - 4 5 0  t o  P - 4 2 0 .  H a n s c h  ( 1 9 7 2 )  h as  r e c e n t l y  r e v i e w e d  t h e  
q u a n t i t a t i v e  r e l a t i o n s h i p s  b e t w e e n  t h e  l i p o p h i l i c  c h a r a c t e r  
o f  d r u g  m o l e c u l e s  and t h e i r  m e t a b o l i s m  by m i c r o s o m a l  e n z y m e s .
i i i .  F a c t o r s  I n f l u e n c i n g  Drug M e t a b o l i s m
The m e t a b o l i s m  o f  a d r u g  may be  a f f e c t e d  by a v a r i e t y  o f  
f a c t o r s  w h i c h  may b e  g e n e t i c ,  p h y s i o l o g i c a l  o r  e n v i r o n m e n t a l
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i n  o r i g i n .  T h e s e  f a c t o r s  h a v e  b e e n  t h e  s u b j e c t  o f  nume r ous  
r e v i e w s  and w i l l  o n l y  b e  o u t l i n e d  h e r e .
G e n e t i c  F a c t o r s
S p e c i e s  d i f f e r e n c e s ,  b o t h  q u a l i t a t i v e  and q u a n t i a t i v e ,  
o c c u r  i n  t h e  b i a t r a n s f o r m a t i o n  and c o n j u g a t i o n  o f  d r u g s  
( H u c k e r ,  1 9 7 0 ;  M e l l e t , 19.69) . W i t h i n  t h e  same s p e c i e s ,  g e n e t i c  
d i f f e r e n c e s  i n  t h e  e n z y m e s  c o n c e r n e d  g i v e  r i s e  t o  q u a n t i t a t i v e  
and q u a l i t a t i v e  d i f f e r e n c e s  i n  dr ug  m e t a b o l i s m  and c o n s e q u e n t l y  
d i f f e r e n c e s  i n  d r u g  r e s p o n s e .  The l a t t e r  c o n c e p t  o f  i n t r a ­
s u b j e c t  v a r i a t i o n  i n  d r u g  m e t a b o l i s m  i s  p a r t l y  r e s p o n s i b l e  
f o r  t h e  phen om en on  o f  p h a r m a c o g e n e t i c s  ( E v a n s ,  1 9 6 3 ) .
P h y s i o l o g i c a l  F a c t o r s
Q u a n t i t a t i v e  d i f f e r e n c e s  i n  t h e  a b i l i t y  o f  h e p a t i c  e n z y m e s  
t o  m e t a b o l i s e  d r u g s  c a n  a r i s e  due  t o  c h a n g e s  i n  d i e t  and  
horm one l e v e l s  a s  w e l l  a s  l i v e r  d i s e a s e  ( P a r k e ,  1 9 6 8 ) .  Age  
can  h a v e  a p r o n o u c e d  e f f e c t  s i n c e  many e n z y m e s  d e v e l o p  o n l y  
a f t e r  b i r t h  ( F o u t s  and H a r t ,  1 9 6 5 )  and t h e i r  a c t i v i t y  b e c o m e s  
r e d u c e d  w i t h  a d v a n c e d  a g e  ( K a t o ,  e t  a 1 , 1 9 6 4 ) .
E n v i r o n m e n t a l  F a c t o r s
T o x i c  c h e m i c a l s  i n  t h e  e n v i r o n m e n t  w h i c h  f i n d  t h e i r  way  
i n t o  t h e  mammal ian  s y s t e m s  may i n t e r f e r e  w i t h  t h e  m e t a b o l i s m  
o f  a d r u g .  S i m i l a r l y  p a t i e n t s  r e c e i v i n g  m u l t i p l e  d r u g  t h e r a p y  
may m e t a b o l i s e  t h e s e  compounds  i n  a d i f f e r e n t  f a s h i o n  t o  t h a t  
w hen o n l y  one  d r u g  i s  a d m i n i s t e r e d .  D r u g - i n d u c e d  c h a n g e s  i n  
d r u g  m e t a b o l i s m  a r e  r e c o g n i s e d  as  one  o f  t h e  m o s t  s e r i o u sI
c o m p l i c a t i o n s  i n  d ru g  t h e r a p y  ( G i b a l d i ,  1 9 7 0 ) .  A num ber o f  
com pounds h a v e  b e e n  f o u n d  t o  s t i m u l a t e  h e p a t i c  e nz y me  a c t i v i t y  
and t h e r e b y  i n c r e a s e  t h e  r a t e  o f  m e t a b o l i s m  o f  a d r u g  a d m i n ­
i s t e r e d  c o n c u r r e n t l y  o r  o f  i t s e l f  ( C o n n e y ,  e t  a l , 1 9 6 0 ) .
S i m i l a r l y  t h e  i n t e r a c t i o n  o f  two o r  more  f o r e i g n  compounds  
may r e s u l t  i n  a n i n h i b i t i o n  o f  enzym e a c t i v i t y  ( A n d e r s , 1 9 7 1 ;
M a n n e r i n g  1 9 7 1 )  •
I n d u c t i o n  o f  h e p a t i c ,  m i c r o s o m a l  e n z y m e s  i s  a c c o m p a n i e d  
by an i n c r e a s e  i n  l i v e r  w e i g h t  and l i v e r  p r o t e i n  ( C o n n e y ,  
e t  a l , 1 9 6 0 ) .  F u r t h e r m o r e  i t  h a s  b e e n  d e m o n s t r a t e d  t h a t  l i v e r  
b l o o d  f l o w  ( O h n h a u s ,  e t  a 1 , 1 9 7 1 )  and b i l i a r y  f l o w  ( K l a a s s e n ,
1969  and 1 9 7 1 )  a r e  a l s o  s t i m u l a t e d  u n d e r  t h e s e  #*«=©& c o n d i t i o n s .
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M i c r o s o m a l  enzyme i n d u c t i o n  h a s  b e e n  r e v i e w e d  r e c e n t l y  by  
G e l b o i n  ( 1 9 7 1 ) ,  P a r k e  ( 1 9 7 2 )  arid Conney  ( 1 9 6 7 ) .
i v .  B i l i a r y  E x r e t i o n  and E n t e r o h e p a t i c  C i r c u l a t i o n
The b i l i a r y  e x c r e t i o n  o f  a com pound i n v o l v e s  t h e  t r a n s f e r  
o f  t h e  s u b s t a n c e  i n t o  t h e  h e p a t i c  p a r e n c h y m a l  c e l l  f ro m t h e  
p l a s m a ,  a c r o s s  t h e  c e l l  and t h e n  a c r o s s  t h e  membrane s e p a r a t i n g  
t h e  l i v e r  c e l l  f r o m t h e  b i l e  c a n a l i c u l i .  A s t u d y  o f  t h e  
p e r m e a t i o n  o f  h e p a t i c  c e l l s  t o  f l u o r e s c e i n  u s i n g  f l u o r e s c e n c e  
m i c r o s c o p y  i n  l i v i n g '  r a t s  ( H a n s o n ,  1 9 5 2 )  h a s  shown t h a t  d i r e c t s  
s e c r e t i o n  f rom t h e  b l o o d  i n t o  t h e  b i l e  c a n a l i c u l i  d i d  n o t  
o c c u r  and t r a n s f e r  was  v i a  t h e  h e p a t i c  c e l l .
S c h a n k e r  ( 1 9 6 2 )  h a s  r e v i e w e d  t h e  l i t e r a t u r e  c o n c e r n i n g  
h e p a t i c  p e r m e a b i l i t y  and h e  c o n s i d e r s  t h e  e n d o t h e l i u m  o f  t h e  
b l o o d  s i n u s o i d s ,  l i k e  t h a t  o f  b l o o d  v e s s e l s  i n  g e n e r a l ,  t o  
b e h a v e  a s  a p o r o u s  m em brane a l l o w i n g  r e a d y  e q u i l i b r i u m  b e t w e e n  
t h e  p l a s m a  and e x t r a c e l l u l a r  f l u i d  o f  t h e  l i v e r  o f  v i r t u a l l y  
a l l  m o l e c u l e s  and i o n s  w h o s e  s i z e  i s  l e s s  t h a n  t h a t  o f  p r o t e i n  
m o l e c u l e s .  T h e r e  i s  e v i d e n c e  t h a t  s e c r e t i o n  i n t o  t h e  b i l e  i s  
t o  som e e x t e n t  d i s s o c i a t e d  f r o m  u p t a k e  i n t o  t h e  l i v e r .  T h e r e  
i s  a d e l a y  b e t w e e n  u p t a k e  and b i l i a r y  s e c r e t i o n  and t h e  i n i t i a l  
r a t e  o f  o u t p u t  i n  t h e  b i l e  i s  s l o w e r  t h a t  t h e  r a t e  o f  u p t a k e  
( S m i t h ,  1 9 6 6 ) .  T h i s  i s  p r o b a b l y  due  t o  d i s t r i b u t i o n  w i t h i n  
t h e  l i v e r  and b in d in g  t o  c y t o p l a s m i c  p r o t e i n s  ( L e v i  , e t  a l ,
1 9 6 9 ,  L i t w a c k ,  e t  a l , 1 9 7 1 ;  L e v i n e  apd S i n g e r ,  1 9 7 2 ) .
\ L i t t l e  i s  known c o n c e r n i n g  t h e  m e c h a n i s m  by w h i c h  d r u g s  
and t h e i r  m e t a b o l i t e s  a r e  t r a n s f e r r e d  a c r o s s  t h e  h e p a t i c  c e l l  
m em brane i n t o  t h e  b i l e .  A l t h o u g h  i t  s hows  many o f  t h e  c h a r a c t e r ­
i s t i c s  o f  an a c t i v e  t r a n s p o r t  s y s t e m  ( S c h a n k e r  and S o l o m a n ,
1 9 6 3 ) ,  i t  i s  r e l a t i v e l y  n o n - s p e c i f i c  a s  e v i d e n c e d  by  t h e  v a r i e t y  
o f  d r u g s  and o t h e r  f o r e i g n  compounds  h a n d l e d  by  t h e  s y s t e m  
( S m i t h ,  1 9 6 6 ;  S c h a n k e r ,  1 9 6 8 ;  M i l l b u r n ,  1 9 7 0 ) .
The e x t e n s i v e  s t u d i e s  o f  S m i t h ,  M i l l b u r n  and c o w o r k e r s  
h a v e  d o n e  much t o  e l u c i d a t e  t h e  c h e m i c a l  f a c t o r s  i n f l u e n c i n g  
t h e  b i l i a r y  e x r e t i o n  r a t e s  o f  f o r e i g n  c o m p o u n d s .  T h e i r  w o r k  
h a s  r e c e n t l y  b e e n  r e v i e w e d  ( M i l l b u r n ,  1 97 0  ; S m i t h ,  1 9 7 1 )  and  
t h e  f o l l o w i n g  c o n c l u s i o n s  h a v e  b e e n  d ra w n .
I n  t h e  r a t ,  t h r e e  c h e m i c a l  f a c t o r s  a p p e a r  t o  be  i m p o r t a n t  
i n  t h e  b i l i a r y  e x c r e t i o n  o f  o r g a n i c  a n i o n s .  F o r  e x t e n s i v e  
b i l i a r y  e x c r e t i o n  ( i . e .  10% or  m o r e ■o f  t h e  d o s e )  a compound  
mu st  p o s s e s s — a 0 a p o l a r  g ro u p  or  more  u s u a l l y ,  be  m e t a b o l i s e d  
t o  f or m a p o l a r  c o n j u g a t e ^  b .  a m o l e c u l e  w e i g h t  o f  325 _+ 50  
( t h i s  i n c l u d e s  s m a l l  m o l e c u l e s  o f  m o l e c u l a r  w e i g h t  l e s s  t h a n  
150  w h i c h  f orm c o n j u g a t e s  o f  m o l e c u l e  w e i g h t  g r e a t e r  t h a n  3 0 0 )  ' 
c 0 t h e  a p p r o p r i a t e  m o l e c u l a r  s t r u c t u r e .  The r o l e  o f  t h e  t h i r d  
f a c t o r  i s  a t  t h e  p r e s e n t  t i m e  i l l d e f i n e d .  M o d i f i c a t i o n  o f  t h e  
m o l e c u l a r  s t r u c t u r e  , o f  a com pound c a n  m a r k e d l y  i n f l u e n c e  t h e  
e x t e n t  t o  w h i c h  i t  i s  e x c r e t e d  i n  t h e  b i l e ,  W i t h i n  a r e l a t e d  
s e r i e s  o f  compounds  ( e . g .  s u l p h a t h i a z o l e  d e r i v a t i v e s ,  H i ro m,  
e t  a l , 1 9 7 2 b )  i t  i s  p o s s i b l e  t o  r e c o g n i s e  c e r t a i n  f e a t u r e s  o f  
m o l e c u l a r  s t r u c t u r e  w h i c h  i f  p r e s e n t  i n  t h e  m o l e c u l e *  r e s u l t  i n  
a h i g h  b i l i a r y  e x c r e t i o n ,  h o w e v e r  i t  i s  n o t  p o s s i b l e  t o  g e n e r a ­
l i s e  b e t w e e n  d i f f e r e n t  s e r i e s  o f  r e l a t e d  c h e m i c a l s .
S p e c i e s  d i f f e r e n c e s  e x i s t  f o r  t h e  t h r e s h o l d  m o l e c u l a r  
w e i g h t  r e q u i r e m e n t s  f o r  e x t e n s i v e  b i l i a r y  e x c r e t i o n  ( M i l l b u r n ,  
1 9 7 0 ) .  A n i o n s  w i t h  m o l e c u l a r  w e i g h t  l e s s  t h a n  300  show  l ow  
(<5% o f  d o s e  ) b i l i a r y  e x c r e t i o n  i n  a l l  s p e c i e s  i n v e s t i g a t e d ,  
w h e r e a s  t h o s e  w i t h  m o l e c u l a r  w e i g h t s  i n  t h e  5 0 0 - 1 2 0 0  a r e  
u n i f o r m l y  h i g h  (60-90% o f  d o s e )  i n  t h e s e  s p e c i e s .  A n i o n s  
w i t h  m o l e c u l e  w e i g h t s  o f  3 0 0 - 5 0 0  a r e  e x c r e t e d  i n  t h e  b i l e  i n  
d i f f e r i n g  a m o u n ts  a c c o r d i n g  t o  t h e  a n i m a l  s t u d i e d .  "Good  
b i l i a r y  e x e r e t o r s .  i n c l u d e  r a t  and do g ;  c a t  and r h e s u s  
m onkey a r e  e x a m p l e s  o f  " i n t e r m e d i a t e "  and " p o o r  b i l i a r y  
ex  e r e  tors:: " , r e s p e c t i v e l y .
The c h e m i c a l  f a c t o r s  c o n t r o l l i n g  t h e  b i l i a r y  e x c r e t i o n s  
o f  c a t i o n s  and u n c h a n g e d  m o l e c u l e s  h a v e  n o t  b e e n  e x t e n s i v e l y  
i n v e s t i g a t e d  ( M i l l b u r n , . 1 9 7 0 )  «>
E l i m i n a t i o n  v i a  t h e  b i l e  f r e q u e n t l y  r e s u l t s  i n  a d ru g  
u n d e r g o i n g  f a e c a l  e x c r e t i o n  and f o r  t h i s  r e a s o n  i t  i s  h a z a r d o u s  
t o  a s s u m e  t h a t  f a e c a l  e x c r e t i o n  i s  an i n d i c a t i o n  t h a t  a com ­
pound h a s  n o t  b e e n  a b s o r b e d  f ro m t h e  g a s t r o i n t e s t i n a l  t r a c t .
I n  many c a s e s ,  t h e  b i l i a r y  e x c r e t e d  com pound may b e  r e a b s o r b e d  
and an e n t e r o h e p a t i c  r e - c i r c u l a t i o n  be  e s t a b l i s h e d  ( W i l l i a m s  
e t  a l , 1 9 6 5 ) .  F o r  many d r u g s  f u r t h e r  m e t a b o l i s m  i s  n e c e s s a r y  
i n  t h e  g u t  b e f o r e  a b s o r p t i o n  c a n  o c c u r  ( i . e .  h y d r o l y s i s  o f
p o l a r  c o n j u g a t e s ) .  The i m p o r t a n c e  o f  e n t e r o h e p a t i c  c i r c u l a t i o n  
w i l l  t h e r e f o r e  m a r k e d l y  a f f e c t  t h e  k i n e t i c s  o f  e l i m i n a t i o n  f rom  
t h e  l i v e r  and t h e  k i n e t i c s  o f  m e t a b o l i s m  i n  t h e  g u t .  T h i s  
c y c l i n g  p r o c e s s  may b e  more  c o m p l i c a t e d  i n  t h o s e  a n i m a l s  p o s s e s s ­
i n g  a g a l l  b l a d d e r w h i c h  may i n t e r m i t t e n t l y  r e l e a s e  l a r g e  am ou n ts  
o f  compound i n t o  t h e  i n t e s t i n a l  t r a c t .  An o b v i o u s  c o n s e q u e n c e  
o f  e n t e r o h e p a t i c  c y c l i n g  o f  a d rug  or  m e t a b o l i t e  i s  t h a t  i t  
may p e r s i s t  i n  t h e  b o d y  f o r  u n d u l y  l o n g  p e r i o d s  ( S m i t h ,  1 9 6 6 ) .
Vo R e n a l  E x r e t i o n
R e mo v a l  o f  u n c h a n g e d  d r u g  f ro m t h e  b o d y  v i a  t h e  k i d n e y s  
p l a y s  a m a j o r  r o l e  i n  t h e  e l i m i n a t i o n  o f  d r u g s  t h a t  a r e  w a t e r -  
s o l u b l e  a n d / o r  d r u g s  t h a t  u n d e r g o  m e t a b o l i s m  r e l a t i v e l y  s l o w l y .  
R e n a l  e x c r e t i o n , ;  c o n s i s t s  o f  t h r e e  ma i n  p r o c e s s e s  -  g l o m e r u l a r  
f i l t r a t i o n ,  t u b u l a r  r e a b s o r p t i o n  and s e c r e t i o n .
The b l o o d  i n  t h e  k i d n e y  p a s s e s  t h r o u g h  many s u b u n it s  
known as  g l o m e r u l i  w h i c h ,  a c t  as  f i l t e r s .  The c a p i l l i a r y  w a l l s  
o f  t h e  g l o m e r u l i  p e r m i t  p a s s a g e  o f  a q u e o u s  p l a s m a  and d i s s o l v e d  
s o l u t e s  b u t  p r e v e n t  t h e  p a s s a g e  o f  m a c r o m o l e c u l e s  s u c h  as  
a l b u m i n .  I n  man t h e  p l a s m a  f l o w  t h r o u g h  t h e  k i d n e y  i s  a b o u t  
8 5 0  l i t r e s / d a y  and a p p r o x i m a t e l y  20 p e r  c e n t  o f  t h i s  v o l u m e  
i s  f i l t e r e d .  T h e r e f o r e  t h e  g l o m e r u l a r  f i l t r a t i o n  r a t e  i s  i n  
t h e  o r d e r  o f  130  m l / m i n .  ( S m i t h  1 9 5 1 ) .
The f i l t r a t i o n  p r o c e s s  i s  p a s s i v e  and any  d r u g  i n  t h e  
p l a s m a  w i l l  be  f i l t e r e d  i n  t h e  g l o m e r u l i .  Ho w e v e r  d r u g  
m o l p c u l e s  w h i c h  a r e  bound  t o  p l a s m a  p r o t e i n s  a r e  n o t  f i l t e r e d .
The e f f e c t  o f  p r o t e i n  b i n d i n g  on t h e  r e n a l  e x c r e t i o n  o f  
s a l i c y l a t e s  h a s  b e e n  d e m o n s t r a t e d  by K a k e mi ,  e t  a l , ( 1 9 6 2 ) .
A d r u g  t h a t  i s  e l i m i n a t e d  e x c l u s i v e l y  by  g l o m e r u l a r  f i l t r a t i o n  
and i s  bound  t o  p l a s m a  c o m p o n e n t s  w o u l d  h a v e  a v e r y  l o n g  
b i o l o g i c a l  h a l f - l i f e  u n l e s s  i t  u n d e r g o e s  m e t a b o l i s m .
The f i l t e r e d  p l a s m a  p a s s e s  t h r o u g h  t h e  g l o m e r u l i  i n t o  t h e  
r e n a l  t u b u l e  w h i c h  i s  d i s t i n c t  f r o m ,  b u t  c o n t i g u o u s  w i t h ,  t h e  
b l o o d  c a p i l l a r y  n e t w o r k .  The r e n a l  t u b u l e  i s  o n e  o f  t h e  m o s t  
e n e r g e t i c  s i t e s  o f  t r a n s p o r t  i n  t h e  b o d y .  W a te r  a s  w e l l  a s  
many p h y s i o l o g i c a l  s o l u t e s  a r e  r e a b s o r b e d  f ro m  t h e  t u b u l e  t o  
t h e  b l o o d  c a p i l l a r i e s  i n  l a r g e  a m o u n t s .  D r u g s  a r e  a l s o  s u b j e c t
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t o  t u b u l a r  r e a b s o r p t i o n .  The t u b u l e  m em brane i s  p e r m e a b l e  t o  
l i p i d - s o l u b l e  n o n - i o n i s e d  f o r m s  o f  d r u g s ^ a n d  compounds  w h i c h  
a r e  p o o r l y  l i p i d - s o l u b l e  o r  c h a r g e d  a r e  n o t  r e a b s o r b e d  a p p r e c i ­
a b l y .  C o n s e q u e n t l y  t h e  t u b u l a r  r e a s b o r p t i o n  o f  weak a c i d s  and  
b a s e s  i s  d e p e n d a n t  on t h e  pH o f  t h e  t u b u l a r  f l u i d s .  A l t h o u g h  
i t  i s  d i f f i c u l t  t o  a s s e s s  t h e  pH i n  t h e  t u b u l e ,  t h e  pH o f  t h e  
u r i n e  can e a s i l y  be  d e t e r m i n e d  and t h i s  c a n  be  t a k e n  as  an 
i n d i c a t i o n  o f  t u b u l a r  pH.  U r i n e  pH c a n  v a r y  f r om 4 . 5  t o  8 . 5  
and f l u c t u a t i o n s  h a v e  b e e n  show n t o  a f f e c t  t h e  e l i m i n a t i o n  o f  
weak a c i d s  ( K o s t e n b a u d e r , e t  a l , 1 9 6 2 )  and weak  b a s e s  ( B e c k e t t ,  
e t  a l , 1 9 6 5 ) .  I n  a c c o r d a n c e  w i t h  t h e  p H - p a r t i t i o n  t h e o r y  t h e  
r e a b s o r p t i o n  o f  a c i d s  was  d e p r e s s e d  u n d e r  a l k a l i n e  c o n d i t i o n s  
w h e r e a s  t h e  r e a b s o r p t i o n  o f  b a s e s  o c c u r r e d  u n d e r  a c i d i c  c o n d i t i o n s .
The t h i r d  c o m p o n e n t  o f  r e n a l  e x c r e t i o n  p r o c e s s  i s  t u b u l a r  
s e c r e t i o n .  T h i s  i s  an a c t i v e  p r o c e s s  by w h i c h  t h e  d ru g  d i f f u s e s  
a g a i n s t  t h e  c o n c e n t r a t i o n  g r a d i e n t  f ro m  t h e  b l o o d  c a p i l l a r i e s  
a c r o s s  t h e  t u b u l a r  m em brane t o  th e  t u b u l e .  T h i s  a c t i v e  p r o c e s s  
a c c o u n t s  f o r  t h e  v e r y  r a p i d  e l i m i n a t i o n  o f  c e r t a i n  d r u g s  s u c h  
as  p e n c i l l i n s  by r e n a l  e x c r e t i o n  d e s p i t e  e x t e n s i v e  b i n d i n g  t o  
p l a s m a  p r o t e i n s  ( G i b a l d i ,  1 9 7 0 ) .  T h e r e f o r e  t h e  k i d n e y  h a s  a 
m a j o r  r o l e  i n  t h e  d i s s o c i a t i o n  o f  d r u g - p r o t e i n  c o m p l e x e s .
The s e c r e t i o n  p r o c e s s  s ho ws  many s i m i l a r i t i e s  t o  o t h e r  
a c t i v e  p r o c e s s e s : i t  e x h i b i t s  s t r u c t u r a l  s p e c i f i c i t y  i n  t h a t  
a t r a n s p o r t  s y s t e m  f o r  o r g a n i c  a c i d s  and f o r  o r g a n i c  b a s e s  h a s  
b e e n  f o u n d  ( W e i n e r  and Mudge ,  1 9 6 4 ) ;  a b o v e  c e r t a i n  b l o o d  l e v e l s  
t h e  s y s t e m s  b e c o m e  s a t u r a t e d  and t r a n s p o r t  p r o c e e d s  by  a p p a r e n t l y  
z e r o  o r d e r  k i n e t i c s ;  and c o m p e t i t i o n  b e t w e e n  d i f f e r e n t  compounds  
f o r  t h e  sam e s e c r e t o r y  t r a n s p o r t  m e c h a n i s m  c a n  o c c u r .  .T h is  
p r i n c i p l e  h a s  b e e n  e m p l o y e d  t o  i n c r e a s e  t h e  b i o l o g i c a l  h a l f - l i f e  
o f  c e r t a i n  d r u g s .  F o r  e x a m p l e ,  p r o b e n e c i d  c o m p e t i t i v e l y  i n h i b i t s  
t h e  t u b u l a r  s e c r e t i o n  o f  b e n z l p e n i c i l l i n  and t h e r e b y  i n c r e a s e s  
i t s  e l i m i n a t i o n  ( B e y e r ,  1 9 5 0 ) .
An i n s i g h t  i n t o  t h e  o p e r a t i v e  m e c h a n i s m s  o f  r e n a l  e x c r e t i o n  
may be  g a i n e d  by  d e t e r m i n i n g  t h e  r e n a l  c l e a r a n c e  o f  a d r u g .  
C l e a r a n c e  i s  a m e a s u r e  o f  t h e  a p p a r e n t  v o l u m e  o f  p l a s m a  c o n ­
t a i n i n g  t h e  am ount o f  dr ug  e x c r e t e d  p e r  m i n u t e .  T h e r e f o r e  -
E x c r e t i o n  R a t eR e n a l  E x c r e t i o n  = P l a s m a  C o n c e n t r a t i o n  (n o n  p r o t e i n  b o u n d )
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By c o m p a r i n g  t h e  r e n a l  c l e a r a n c e  o f  a d r u g  i n  an i n d i v i d u a l  
w i t h  h i s  g l o m e r u l a r  f i l t r a t i o n  r a t e ,  a c l e a r a n c e  r a t i o  i s  
o b t a i n e d .  G l o m e r u l a r  f i l t r a t i o n  r a t e  may b e  e s t i m a t e d  by  
d e t e r m i n i n g  t h e  r e n a l  c l e a r a n c e  o f  a com pound s u c h  a s  i n s u l i n  
w h i c h  i s  n e i t h e r  s e c r e t e d  n o r  r e a b s o r b e d .  I f  t h e  c l e a r a n c e  
r a t i o  i s  > 1 t h i s  i s  e v i d e n c e  f o r  t u b u l a r  s e c r e t i o n ,  w h e r e a s  
a c l e a r a n c e  r a t i o  < 1 ,  a f t e r  a c o r r e c t i o n  f o r  p r o t e i n  b i n d i n g ,  
i s  e v i d e n c e  f o r  r e a b s o r p t i o n e K r u g e r - T h i e m e r  ( 1 9 6 8 )  h a s  
r e v i e w e d  v a r i o u s  p h a r m a c o k i n e t i c  m o d e l s  f o r  t h e  r e n a l  e x c r e t i o n  
o f  d r u g s  w h i c h  i n c l u d e  c o r r e c t i o n s  f o r  p r o t e i n  b i n d i n g .
E. " i PHARMACOKINETIC MODELS FOR DRUG CHANGES WITHIN THE BODY
i /  K in e tic s  o f  D is tr ib u t io n , M etabolism  and E xcretion  a f te r  
the Drug reaches the General C ircu la tio n
Often the r a te  o f  con cen tra tion  change for  a drug in  th e .b lo o d , 
plasma or serum can be d escrib ed  as a s in g le  f i r s t  order p r o c e ss . In 
such cases the logarithm  o f  the plasma con cen tration  decreases l in e a r ly  
as a fu n ctio n  o f  tim e fo llo w in g  in travenous ad m in istra tio n  a n d ,th is  i s  
con sid ered  in d ic a t iv e  o f  an open one compartment model.
/  i.v. Drug
Drug In 
Body (Dg)
*e i
V
The. r a te  o f  lo s s  o f  the drug from the body can be described  by the  
fo llo w in g  d i f f e r e n t ia l  eq u ation
\  ' ^ V  CD
which can be in te g r a te d  to  g iv e  the usual f i r s t  order ex p ress io n
Db = . .d Y ^ I *  ' (2)
where Dq i s  th e  in je c te d  d o se .U su a lly  D  ^ cannot be determ ined s in c e
sam pling i s  o fte n  lim ite d  to  a c c e s s ib le  body f lu id s ,  l i k e  the b lo o d , 
and a volume t erm must be in troduced  to account fo r  a l l  o f  the drug. 
This t e ^m which i s  c a l le d  "the volume o f  d is t r ib u t io n , Vd ", h.as 
no p h y s io lo g ic a l meaning but sim ply rep resen ts  a p r o p o r t io n a lity  fa c to r  
to  ba lance the c q  ^ o f  drug in  the body (D,,) with, th e  concen-D
t r a t io n  in  the sam pling compartment such, as the b lood  (Dc) .
T herefore -  D_ = V d D (3)B c
and eq u ation  (2)_ becomes
D = D e  — .
c _o__________________________   C4)_
Vd
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For comparison purposes w ith  d if f e r e n t  drugs Vd can be used as a 
r e la t iv e  in d ic a to r  o f drug q u a n t it ie s  o u ts id e  the sam pling compartment, 
C onsequently the l arger  t^e Vd the g rea ter  the amount o f  drug in  the 
ex tra v a scu la r  t i s s u e s .
From equation  (4) i t  i s  apparent th a t when lo g  i s  p lo t te d  
a g a in st  time^ the s lo p e  w i l l  equal -  K ^ /2 .3 0 3  and the in te r c e p t  on the 
ord in a te  equal D ° ,  where D^0 i s  the t h e o r i t ic a l  con cen tra tio n  in  
sam pling compartment a t time zero .
U -3
Plasma
co n cen tra tion
K /2 .3 0 3  
El
Time
This e lim in a tio n  ra te  co n sta n t, reP resen ts the sum o f  a l l
the ra te  con stants concerned w ith  e l im in a t io n , i e  m etabolism
( k m >
and
e x c r e tio n  .(Kg) . T herefore,
^ 1  *Sl + ' ^  (5)
S im ila r ly  rep resen ts  the sum o f a l l  the r a te  con stan ts fo r  each  
m etabolism  s te p . The tim e taken to  e lim in a te  one h a lf  o f  the dose 
( 0 .693/Kg^) i s  re fe r r e d  to  as the b io lo g ic a l  h a l f - l i f e .
With c e r ta in  drugs which p o sse ss  very  la rg e  Vd and the b lood  
le v e ls  may be too low fo r  accu rate m easurem ent.Nelson (1961) has 
shown th e uses o f  urinary e x c r e tio n  data in  d er iv in g  pharm acokinetic  
m odels. The ra te  o f  appearance o f  unchanged drug in  th e urine may be 
d escrib ed  by the fo llo w in g  d i f f e r e n t ia l  equation
d D E
dt
S u b s titu tin g  equation  (2) 
d D„
(6)
dt
In te g r a tin g  equation  (7) g iv es
Dt
■ h i* (7)
Do  ( l - v - h l * ) (8)
K.
T herefore a p lo t  o f  lo g  ex cretio n  r a te  versu s time g iv es  a n e g a tiv e  
s lo p e  equal to Kg^/2.303 which i s  com pletely  analogous to  the b lood  
l e v e l  c a se . However the in te r c e p t  on the o rd in a te  w i l l  equal KgDQ,
I t  i s  c o n s is te n t  w ith the one compartment model th a t  the t o t a l  
amount o f  drug ex cre ted  unchanged w i l l  be p ro p o rtio n a l to the d ose, 
w ith  a p r o p o r t io n a lity  con stan t equal to This can be seen
from eq u ation  (8) which,when time equals in f in i t y ,  becomes
«£ Dc
Ke i
(9)
This method can a lso  be used to  c a lc u la te  Kg from Kg^. S im ila r ly  K  ^
can be c a lc u la te d  from the t o t a l  q u a n tity  ex creted  (DMg)
*MDo
h t
(10)
This i s  v a l id  fo r  each m eta b o lite  formed and no ra te  con stan ts fo r  
m eta b o lite  e x c r e t io n  are n ecessa ry . Furthermore s in c e  the ex creto ry  
products are in  con stan t r a t io  to  each o th er , i t  i s  p o s s ib le  to c a l­
cu la te  the r e la t iv e  ra te  con stan ts r a t io s  when the t o t a l  amounts o f  
m eta b o lite s  and in t a c t  drug ex creted  are known.Taking the r a t io  o f  
equations (9) and (10) the fo llo w in g  ex p ressio n  i s  obtained
DE
dme
h
h
( 11 )
This i s  v a lid  reg a r d less  o f  the k in e t ic  order o f  the p rocess assuming 
only th a t e x c r e t io n  and m etabolism  are o f  the same order.
For many drugs the one compartment model i s  not adequate to 
d escr ib e  the plasma or urinary e x c r e tio n  time p r o f i l e s .  Shown below  
i s  a s e m i- lo g , plasma drug con cen tra tio n -tim e p lo t  fo r  a two compart­
ment model fo llo w in g  i . v .  a d m in istra tio n . -
A
B
Plasma
concen tra  t io n
Time
The plasma le v e ls  measured a t  e a r ly  time in te r v a ls  show a ra p id , sharp 
d e c lin e  b e fo re  the s lo p e  grad u ally  becomes lin e a r .  The lin e a r  s e c t io n  
i s  ktiown as the 3 phase and e x tr a p o la t io n  o f  th is  l in e  to  th e  o rd in a te  
g iv es  th e in te r c e p t  B. I f  the value s from th e ex tra p o la te d  l i n e  are  
su b tra cted  from the observed v a lu es  a t  the e a r l ie r  time p eriod s another  
s tr a ig h t  l i n e ,  a i s  obta ined  where in te r c e p t  w ith  the o rd in a te  i s  A. 
This technique fo r  sep a ra tin g  two ex p o n en tia l fu n ctio n s  i s  known as 
"feathering"  (G arrett, 1970).
The. plasma co n cen tra tion s fo r  a drug whose d is p o s it io n  can be  
d escr ib ed  by a two compartment model th e r e fo r e  show a b ie x p o n e n tia l  
d e c lin e  w ith  tim e. The genera l eq u ation  d escr ib in g  such a curve i s
DB Ae
- a t Be
- a t
(12)
which r e la t e s  to  the model
C entral T issu e
Compartment
4 c
Compartment
*E1
E lim in ation
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The c e n tr a l and t is s u e  compartments are two k in e t ic a l ly  d is t in g u ish a b le  
"pools" , Kct i s  the ra te  con sta n t for  tra n sfer  from c e n tr a l to t is s u e  
compartment and i s  the r a te  con stan t for  the rev erse  p r o c e ss .  
E lim in ation  occurs from the ce n tr a l compartment and i s  su b jec t  to the  
same co n sid era tio n s  o u tlin e d  fo r  a one compartment model. The ce n tr a l  
compartment c o n s is ts  o f  theblood system  and h ig h ly  p erfu sed  t i s s u e s .
The ad ipose t is s u e  and o th er  poorly  p erfu sed  t is s u e s  make up the t is s u e  
compartment. I t  should be noted  th a t the ce n tr a l compartment con ta in s  
the major s i t e s  o f  m etabolism  and e x c r e t io n , c o l l e c t iv e ly  d escr ib ed  by
* e i -
This model was f i r s t  r e la te d  to  drug k in e t ic s  by T e o r e ll in  1937 
and s in c e  then i t  has been d iscu ssed  by Riggs (1 963 ), R esigno and Segre 
(1 9 6 6 ), R iegelm an, e t  a l  (1968a), Wagner and Wortham (1967) and Wagner, 
e t  a l , (1968).
For the two compartment model, the fo llo w in g  d i f f e r e n t ia l  eq u ation  
d escr ib es  the change in  drug con cen tration s in  the c e n tr a l compartment
when C V has been su b s t itu te d  fo r  D c c c
^  -  IK +. K If
C (13)c -     (ke i + kct) c <dt V
C
where i s  the volume o f  ce n tr a l compartment,C the con cen tra tio n  o f  
drug in  the ce n tr a l compartment and D^ , i s  the amount o f  drug in  the  
t is s u e  compartment.
Accounting fo r  a l l  the dose in je c te d  req u ires th a t the q u a n tity  
o f  drug in  th e .c e n tr a l and t is s u e  compartment p lu s the amount e lim in a ted
by m etabolism  and/or e x c r e tio n  (D ) i s  equal to the dose.E
D = C V + D_, + D_ / i  / vo c c T E (14)
E lim in ation  from the body occurs e n t ir e ly  from the c e n tr a l compartment, 
th erefo re
J
,t
Cc (15)
where J  i s  the t o t a l  amount of drug in  the plasma from tim e zero
to time t .
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S u b st itu t in g  fo r  in  equation  (14) and so lv in g  fo r  D g iv e sI
D_ = D -  C V -  V K T o c c c El CC . (16)
Equation (16) can be su b s t itu te d  in to  equation  (13) and the r e s u lt in g  
equation  d if f e r e n t ia te d  to g ive
d2cc +. (KE1 + KCI + V  dCc * W c  = 0  ' (1 ;)
d t dt
The gen era l s o lu t io n  fo r  the above second order d i f f e r e n t ia l  eq u ation  i s  
the gen era l equation  (1 2 ) , i e
O g  = Ae " a t  + Be ~ pt
The ra te  con stan ts and can be estim ated  u sin g  the
param eters A, B, a and 3, by the fo llo w in g  equations
■ vr.?
Kn , AB (B-q)2 .
U  (A+B) (AB -  B:0
'  " a I  < »
I t  i s  obvious from equations (1 8 )-  (20) th a t the param eters A, B, a and 
g are very  complex fu n c tio n s . R iegelm an e t  a l  (1968a) have su g g ested  
thn term inology slow  and f a s t  d is p o s it io n  r a te  con stan ts fo r  a and8 , 
resp ectiv e ly ^  in  order to  prevent con fu sion  w ith  the s lo p e s  o f plasma 
con cen tra tio n —tim e curves fo r  th e  one compartment model. The sum o f  A 
and B in te r c e p ts  equal Cc° ,  tlxe th e o r e t ic a l  va lu e  fo r  tlie  co n cen tra tio n  
o f  drug in  the c e n tr a l compartment a t  tim e zero .
'• The com parative s i z e  o f  each compartment i s  measured in  terms o f  
volume (R iggs, 1963); the apparent volume o f  d is t r ib u t io n  (Vd) b e in g  the  
sum o f  the volumes o f  each compartment. The term inology i s  un fortun ate  
s in c e  i t  has no r e la t io n sh ip  to a r e a l  volume and i t  should  n ot be 
regarded as a p a r t ic u la r  p h y s io lo g ic a l space w ith in  the body. The 
apparent volume o f d is tr ib u t io n  fo r  a two compartment open model can be
h y p o th e tic a lly  d efin ed  as the volume o f  body x^ater requ ired  to con ta in  
the amount o f  drug in  the body, i f  i t  were uniform ly p resen t a t the same 
co n cen tra tio n  as th a t in  the b lood (R iggs, 1963) .  However a l l  the  
t is s u e s  w ith in  a compartment th a t con ta in  the drug may not have equal 
co n cen tra tio n s . Thus the volume o f any compartment i s  on ly  an apparent 
volume.
The volume o f  the c e n tr a l compartment (V ) can be c a lc u la te d  s im i­
la r ly  to . th a t fo r  a one compartment model
V Dc o
A + B , (21)
The t o t a l  apparent volume o f  d is t r ib u t io n ,  i e  + V^, a t stead y  s t a t e  o f  
eq u ilib r iu m  i s  c a lc u la te d  by equation  (22)
Vd = V (Ka , + ^ c ) .
S S  C
KTC (22)
G iba ld i, e t  a l , (1969) has p o in ted  out th a t Vdgs i s  o f  extrem ely  
• lim ited  use as a p r o p o r t io n a lity  co n sta n t fo r  r e la t in g  plasma concentra­
t io n s  to whole body con cen tra tion s o f  a drug. I t  i s  determ ined when the  
ra te  c£ change in  the t i s s u e  compartment i s  zero and can th e r e fo r e  on ly  
be used as a p ro p o r tio n a lly  con stan t a t  th a t tim e. At a l l  o th er  tim es  
th is  volume i s  e i th e r  overestim ated  (b efore steady s t a t e )  or underestim ated  
C after stead y  s t a t e ) .  Nagashimura, e t  a l  (1968) have shown th a t a pseudo­
d is tr ib u t io n  eq u ilib r iu m  occurs when th e p lasm a-con cen tration  tim e curve 
becomes l in e a r  C$ p h a se ). This concept has been used by G ib a ld i, e t  a l
(1969) to d er iv e  Vdg xtfhich can be used as a p ro p o r tio n a lly  co n sta n t to  
r e la t e  plasma co n cen tra tion  to  amount o f  drug in  th e body a t  any time 
fo llo w in g  the attainm ent o f  p seudoequilibrium
Vdg = K ^ V c
p (23)
Furthermore Vd_ has been shown to  be m athem atically  id e n t ic a l  to Vd3 • area
(G ibaldi., e t  a l , 1969)
Vd = Dosearea —r--------—Area B
( 24 )
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The two compartment model can a ls o  be d ep icted  in  terms o f  urinary  
ex c r e tio n  data (Janku and Krebs, 1971) .  The amount o f drug ex creted  
unchanged i s  d escrib ed  by the fo llo w in g  d i f f e r e n t ia l  eq u ation
d D.
dt c c (25)
S u b s titu tio n  o f  equation  (12) in to  equation  (25) y ie ld s
d DE
dt
KeVc (Ae”a t  + B St) (26)
T h erefo re , sem i-lo g  p lo ts  o f  drug e x c r e tio n  r a te s  as a fu n c tio n  o f time 
w i l l  be b iex p o n en tia l w ith  the same a and 3 s lo p e s  but w ith  in te r c e p ts  
equal to  K^ V^A and KgVcB.
In te g r a tin g  equation  (26) g iv e s  the fo llo w in g  r e la t io n s h ip  fo r  the  
amount o f  drug excreted  a t  time t .
DE V , A3 + B Ae
- a t Be- 3 t
This can be s im p lif ie d  by use o f  equations (18) and (21) to
D, D K_ o E 1
V i
Ae- a t Be - 3 t
(27)
(27).
At tim e i n f in i t y  th is  reduces to eq u ation  (9) w h ic h .is  a ls o  a p p lic a b le  
fo r  the one compartment model, i e
D. Vo
V i (28)
A lso can be c a lc u la te d  by th ese  p r in c ip le s - , as o u t lin e d  fo r  
the one compartment model.
Three compartment models have been used to  d escr ib e  drug d is p o s i t io n  
where d is tr ib u t io n  in to  deep depots such as bone or where p a r t ic u la r  
t ig h t  b in d in g  to  other t is s u e s  occurs (Loo, e t  a l , 1968; Nagashimura, 
e t  a l , 1968) .  Blood co n cen tra tio n -tim e curves fo r  drugs e x h ib it in g  th is  
behaviour are tr ie x p one n t ia l  and can be d escr ib ed  by the gen era l eq u ation
o ,&
Ae~a t  + Be- A  + Ce _ y t (29)
A mathematic treatm ent o f  th is  model has been undertaken by R eseigno and 
Segre (1966) and Loo, e t  a l  (1968).
i i /  Ki ne t i c s  o f  Processes  Prior  to the Drug reaching the
General  Circul at i on  .
When a drug i s  adminstered by any route o f  admini s trat ion  other  
than rapid i v  i n j e c t i o n ,  many processes  may be involved before  i t  reaches  
the general  c i r c u l a t i o n .  Studies  o f  the contro l  o f  these  proces s e s  by 
manipulat ing the dosage forms i n  which the drug i s  g i ve n ; can be c l a s s ed  
under the general  heading o f  biopharmaceutics  (Wagner, 1961) .
Various models have been used to descr ibe  the a v a i l a b i l i t y  o f  a 
dosage form but  i n  most cases  i t  i s  p o s s i b l e  to explaindrug plasma l e v e l s  
or urinary ex c r e t io n  data us ing zero or f i r s t  order a v a i l a b i l i t y  con­
s t a n t s  (Portman, 1970) .  I f  d i s s o l u t i o n  o f  the drug form i s  s low at  the  
s i t e  o f  admini s t rat ion  i t  may be necessary  to inc l ude  the r a t e  o f  
s o l u t i o n  process  as a separate  e n t i t y  of  the model.  Thus the p r e v i ous ly  
discussed  models need only be modif ied by the addi t ion  of  one or  two 
a v a i l a b i l i t y  ra te  constants to a l low for  the ra te  o f  entry i n t o  the  
general  c i r c u l a t i o n  (Wagner, 1961) .
For the one compartment model,  the  f o l l owi ng  model can be  
envisaged
D. K. Drug i n  K
-_ B o d y ___________________ -v
where K^  i s  the f i r s t  order a v a i l a b i l i t y  rat e  constant  and i s  the
amount o f  drug at  the absorpt ion s i t e .  The amount of  drug in  the body w i l l  be des
cribed by the f o l l owi ng  d i f f e r e n t i a l  equat ion
d DB = Ka Da -  K__ D_A A - El B (30)dt
which may be w r i t t e n  as
dt
In t e g r a t io n  y i e l d s
d D V Tl V n ~K t
+ V c  • A A
Vd (31)
D = K. D , -K t  - K . tA o  ( g El i — e A ^
Vd V e i '  ' (32)
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Hence; the concentrat ion o f  drug i n  the body i s  d i r e c t l y  proport ional  to 
the d i f f e r e nc e  between two expone nt i a l s .
When equat ion (30) equals  zero,  the rates  o f  entry and e l imi n a t i o n
are equal ,  the maximum plasma l e v e l  w i l l  r e s u l t .  The time T o f  peak  ^ r max r
plasma l e v e l  can be c a l c u l a t e d  from equat ion (33) which i s  not  dependant  
of  drug dose.
Graphical  e s t i mat i on  o f  and for  a one compartment model i s  
p o s s i b l e .  A t y p i c a l  s emi - l og  plasma concentrat i on- t i me p l o t  i s  shown 
b e l ow.
I f  samples are taken for  a s u f f i c i e n t l y  long l ength  o f  t ime the
a v a i l a b i l i t y  exponent ia l  becomes very smal l  and the descending s l o pe  i s
equal  to -  K n/ 2 . 30 3 .  Extrapolat ion o f  t h i s  l i n e  back to ax i s  enables  
El
another s t r a i g h t  l i n e  -  K^/2.303 to be obtained by "feathering".  The 
time when absorpt ion commences ( lag time) can be read d i r e c t l y  from the  
i n t e r c e p t  o f  the two s t r a i g h t  l i n e s .
This method can only be used when the r a t i o  o f  the two r a t e  con­
s ta nt s  i s  a t  l e a s t  t hree ,  otherwise  t rue  expPn e n t i a l s  w i l l  not  be obta ined.
T.MAX 2.303
K.El / (33)
A v a i l a b i l i t y  rate  constants  can a l s o  be c a l c u l a t ed  from urinary  
e x c r e t io n  data by manipulat ion o f  equat ion (32) s i m i l a r  to  that  shown 
i n  the previous  s e c t i o n .
Plasma
concentrat ion
Time
I t  must be remembered that  the descending por t i on  of  the curve w i l l  
always represent  the sna l l er  o f  the two rate  constants  and i n  c e r t a i n  
cases  (eg,  or a l  dosing o f  s a l i c y l u r a t e  -  Levy,  e t  a l , 1969) the a v a i l ­
a b i l i t y  may be rate-^- l imi t ing throughout the e n t i r e  descending s lo p e .  
In such cases  the des ignat ions  shown on the graph must be reversed,
K„„ i s  the f a s t e r  s l ope  and K, the s lower .El F A
A commonly used a l t e r n a t i v e  technique for  c a l c u l a t i n g  K wasil
developed by Wagner and Nelson (1963) us ing e i t h e r  plasma l e v e l s  or 
urinary e x cr e t i o n  data.  The fundamental  equat ion i s  based on the  
f o l l owi ng  mater i a l  balance at  any t ime.
Amount
Absorbed
Ab
Amount 
i n  body
DB
Amount
El iminated
(34)
where D = B
»E =Vd KE1
D Vd i e  equat ion (3) and c
D i n  equat ion (15)
to
s u b s t i t u i o n  of  equat ions  (3) and (15) i n t o  (34) and d i v i d i ng  through by 
Vd gives
y^ t oo
Ab,
'Vd D KEl D
(35)
Thus absorpt ion ra t e s  can be c a l c u l a te d  wi thout  knowledge o f  Vd. 
Modi f i cat ions  of  t h i s  b a s i c  equat ion to account for  f i r s t  order or zero  
order processes  operat ing s i n g l y  or i n  p a r a l l e l  have been o u t l i n e d  by 
Wagner and Nelson (1964) .
I f  a two compartment model* i s  necessary  to des cr i be  drug changes  
i n  the  body fo l l owi ng  rapid i v  admini s trat ion  then the  above cons i dera­
t ions  are not  v a l i d  f o r - c a l c u l a t i n g  the a v a i l a b i l i t y  ra t e  constant  f or  
admini s t rat ion  v i a  any other  route .  In  these  cases  the f o l l owi ng  model  
i s  app l i c ab l e
da
K, Central
Compartment V
N /
KEl
KCT
*c.
Ti s sue
Compartment
In t h i s  model the concentrat i on  o f  drug i n  the cent ra l  compartment w i l l  
be determined by three  ex po ne nt i a l s .  The general  equat ion be ing
Ae"a t  + Be_Bt C e - V (36)
In order to c a l c u l a t e  for  t h i s  type o f  model Loo and Riegelman (1968)  
have modif ied the Wagner-Nelson equat ion
Amount
Absorbed
tn c
Amount i n  Amount i n  Amount
Central  + Ti s s ue  + El iminated
Compartment Compartment
where the amount o f  drug i n  the t i s s u e  compartment can be c a l c u l a t e d  by 
the equat ion
^ V t n  KCT C t. — ------- cxn - l 1 -  e~KcrAt + K ACcAtvi
+ m * n - l  6 CT (38)
As can be seen by t he  above equat ion,  knowledge o f  and i s
necessary-  for  t h e  a p p l i c a t i o n  of  t h i s  method to obta in  a v a i l a b i l i t y  
constants:. .
Recent reports  have shown that  a v a i l a b i l i t y  ra t e  constants  c a l ­
cu l a t ed  from the above Wagner-Nelson and Loo-Riegel**aA equat ions  must  
be correc ted  for  f r a c t i o n  of  dose not  absorbed.  Ifotari ,  e t  a l , (1972)  
cons idered the s i t u a t i o n  where p a r a l l e l  f i r s t  order l o s s  of  drug a t  the
absorpt ion s i t e  occurred through, chemical  degradat ion or enzymic t rans ­
formation.  Per r i er  and Gibaldi  (1973) have fur ther  s t r e s s e d  t h i s  p o i n t .
One of  the s i mpl es t  ways o f  a s s e s s i n g  drug a v a i l a b i l i t y  i s  wi th  
the area under the curve o f  the drug plasma l e v e l  versus  time curve 
(Dost,  1968) .  Comparisons between the area under the curve between time 
zero and i n f i n i t y  f or  rapid i . v . i nj ec t io n  wi th  the route o f  admi n i s t ra t i on  
under study w i l l  g ive  the f r a c t i o n  o f  dose a v a i l a b l e .  With urinary  
e x c r e t io n  data,  the r e l a t i v e  a v a i l a b i l i t y  can be c a l c u l a t ed  from the  
t o t a l  amount o f  drug excre ted  unchanged for  the two rout es .
Problems wi th drug a v a i l a b i l i t y  tend to be more complex wi t h  or a l  
dosing (Riegelman,  1972) ,  some o f  the numerous f ac t ors  a f f e c t i n g  g a s t r o ­
i n t e s t i n a l  absorpt ion have been o u t l i n e d  i n  Sec t i on  B. Al l  drugs,  
absorbed from the g a s t r o i n t e s t i n a l  t r a c t  must pass  through the l i v e r  
p r i o r  to reaching the sys temic  c i r c u l a t i o n .  The e f f e c t  o f  t h i s  f i r s t  
pass has been cons idered by Rowland (1972) and Gibal di ,  e t  a l  (1971) and 
both have derived equat ions  based on h e p a t i c  po r t a l  v e i n  f low r a t e s  which  
al l ow cor r e c t i on  for  t h i s  phenomenon.
The e f f e c t  o f  f i r s t  pass  through the l i v e r  i s  not  a p p l i c a b l e  to  
admini s t rat ion  through per i phera l  routes  such as intramuscular,  sub­
cutaneous or percutaneous .  With these  routes  absorpt ion occurs d i r e c t l y  
i n t o  the systemic  c i r c u l a t i o n  and the degree o f  a v a i l a b i l i t y  i s  l i m i t e d  
by the s t a b i l i t y  o f  the drug at  the s i t e  o f  admi ni s t ra t i on .
f .  PROPERTIES’ AND USES OF CARBAMATES
i .  Ft larmaco l o g y
A l t h o u gh ,  c a r b a m i c  a c i d  I s  u n s t a b l e ,  nu me r o u s  e s t e r s  o f  
t h i s  compound h a v e  b e e n  s y n t h e s i s e d  and some p o s s e s s  u s e f u l  
b i o l o g i c a l  p r o p e r t i e s .  The o n l y  n a t u r a l l y  o c c u r r i n g  c a r b a m a t e  
a p p e a r s  t o  b e  p h y s o s t i g m i n e ,  o n e  o f  t h e  a l k a l o i d s  p r e s e n t  I n  
t h e  s e e d s  o f  P h y s o s t i g m i n e  v e n e r o s u m  B a l f o u r ,  a p e r e n n i a l  v i n e  
f o u n d  i n  West  A f r i c a .
The p h a r m a c o l o g i c a l  p r o p e r t i e s  o f  p h y s o s t i g m i n e  w e r e  
r e p o r t e d  as  e a r l y  a s  1 863  when H a r l e y  n o t e d  t h e  m i o t i c  
a c t i v i t y  o f  a c r u d e  e x t r a c t  o f  t h i s  compound and t h e  a b i l i t y  
o f  a t r o p i n e  t o  a n t a g o n i s e  t h i s  r e a c t i o n . .  I n  1 9 2 5 ,  S t edma n  
and B a r g e r  i d e n t i f i e d  t h e  a l k a l o i d  a s  t h e  N—m e t h y l  c a r b a m a t e  
o f  e s e r o l i n e
CH. OCOKHCH.
/  + \
CH.
P h y s o s t i g m i n e  ( c h a r g e d  a t  p h y s i o l o g i c a l  pH)
P h y s o s t i g m i n e  ( a l s o  c a l l e d  E s e r i n e )  s t i m u l a t e s  o t h e r  b o d y  
s t r u c t u r e s  which,  a r e  i n n e r v a t e d  by c h o l i n e r g i c  n e r v e s .  For  
e x a m p l e ,  i t  i n c r e a s e s  t h e  r a t e  o f  s a l i v a t i o n ,  p e r i s t a l s i s  and  
d e f a e c a t i o n .  H o w e v e r ,  i t s  m o s t  u s e f u l  p r o p e r t y  i s  i n  t h e  man­
a g e m e n t  o f  m y a s t h e n i a  g r a v i s .
Work i n  v a r i o u s  l a b o r a t o r i e s ,  i n  p a r t i c u l a r  S t e d m a n ' s ,  
h a s  shown t h a t  t h e  p h a r m a c o l o g i c a l  a c t i v i t y  o f  p h y s o s t i g m i n e  
i s  due  t o  t h e  p h e n y l  N - m e t h y l c a r b a m a t e  m o i e t y  ( S t e m p e l  and  
A e s c h i m a n n ,  1 9 5 6 ) .  Numerous  a n a l o g u e s  h a v e  b e e n  s y n t h e s i s e d  
and t h e i r  a c t i v i t y  t e s t e d . .  The m o s t  s u c c e s s f u l  o f  w h i c h  w e r e  
n e o s t i g m i n e  and p y r i d o s t i g m i n e .
5 5
Neo s t r g m i n e
OCON(CH )_ 
j  £
•OCON ( 3 2
P y r i d o s t i g m i n e
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B o t h  a r e  u s e d  t o  t r e a t  m y a s t h e n i a  g r a v i s .  The u s e  o f  p h y s o -  
s t i g m i n e  i s  now r e s t r i c t e d  to  t h a t  o f  a m i o t i c . f o r  g l a u c o m a .
. i
! The p a r a s y m p a t h o m i m e t i c  r e s p o n s e s  c a u s e d  by p h y s o -  
s t i g m i n e  and i t s  s y n t h e t i c  a n a l o g u e s  . a r e  due t o  t h e  a c c u m u l a t i o n  
o f  a c e t y l c h o l i n e  a t  t h e  n e u r-omu s-g-u 1 a-r—j u-n-c-t i o -n—a-edt—art t h e  a u t o ­
n o m i c  g a n g l i a .  Und er  n o r m a l  c o n d i t i o n s  t h e  a c e t y l c h o l i n e  p r o ­
d u c e d  d u r i n g  t h e  p r o c e s s  o f  n e r v e  t r a n s m i s s i o n  i s  h y d r o l y s e d  by 
a c e t y l c h o l i n e s t e r a s e .  The a b o v e  c a r b a m a t e s  e x e r t  t h e i r  e f f e c t  
b y  r e v e r s i b l y  i n h i b i t i n g  t h i s  e n z y m e .  The m e c h a n i s m  o f  a c t i o n  
h a s  b e e n  s t u d i e d  by  a number o f  w o r k e r s  b u t  o n l y  r e l a t i v e l y  
r e c e n t l y  h a s  t h e  p r o b l e m  b e e n  r e s o l v e d  ( O b r i e n ,  e_t aJL_, 19 6 6 ; 
W i l s o n ,  e t  al_, 1 9 6 0 ) .
Cho l i n e s  t  e r a s e  i n h i b i t i o n  i s  a l s o  t h e  mode- o f  a c t i o n ,  o f  
t h e  c a r b a m a t e  i n s e c t i c i d e s .  i n  19-47,  t h e  G e i g y  Company o f  
S w i t z e r l a n d  b e g a n  w o r k  i n  t h i s  f i e l d  and t h e y  p r o d u c e d  s e y e r a l  
N - d i m e t h . y l  c a r b a m a t e s  o f  h e t r o c y c l i c  e n o l s  C G y s i n ,  L9-54)4 t h e  
m o s t  s u c c e s s f u l  b e i n g :
CH-,3 >
\ T j l o c c i U C H ,
CH
/  X
CH.
3
CH.
i s o l a n
3 } 2
CIhs3Tr
H\  ^ C C O f U C H , ) ,  h 3 2
CII3
o
i y r o l a n
' r 1( C H ^ N C O O - N ^  > a' C C 0 N ( C H „ ) 2
I) em e t  i l  a n
N i n e  y e a r s -  l a t e r  C a r b a r y l ,  . b e s t  know;n o f  t h e  p r e s e n t  c a t b a m a t e  
i n s e c t i c i d e s  was  i n t r o d u c e d .
C a r b a r y l
0C0NHCH.
Mo s t  o f  t h e  s u b s e q u e n t  c a r b a m a t e s  h a v e  b e e n  a r o m a t i c ,  b u t  
p h e n o l i c  r a t h e r  t h a n  n a p h . t h . o l i c .  S t r u c t u r e - a c t i v i t y  r e l a t i o n ­
s h i p s  f o r  N - m e t h y l  p h e n y l  c a r b a m a t e s  h a v e  b e e n  c a r r i e d  o u t  by  
M e t c a l f  and F u k u t o  ( 1 9 6 5 ) .  A s e l e c t i o n  o f  t h r e e  N - m e t h y l c a r b a m a t e  
i n s e c t i c i d e s  a r e  shown b e l o w  w h i c h  d e m o n s t r a t e  t h e  d i v e r s e  
c h e m i c a l  s t r u c t u r e s  o f  t h i s  c l a s s  o f  compound:
OCONHCH.
CH,
CH,
CH •
I 3
CH_S-C-CH=HOCONHCH_' 
3 i 3
CH,
■OCONHCH, CH
CH.
Zee  t r a n A l d i c a r b C a r b o f u r a n
The c l i n i c a l  v a l u e  o f  c a r b a m a t e s  i s  n o t  l i m i t e d  t o  a n t i ­
c h o l i n e s t e r a s e  a g e n t s .  One o f  t h e  s i m p l e s t  c a r b a m a t e s ,  
u r e t h a n e  ( e t h y l  c a r b a m a t e )  h a s  b e e n  u s e d  as  a h y p n o t i c  
( S c h m i e d e b e r g ,  1 8 8 5 )  and i n  t r e a t m e n t  o f  l e u k e m i a  and m u l t i p l e  
m y e l o m a  (Hawki ns  and Murphy,  1 9 2 5 ) .
0
. c h 3 - c h 2 -’o - c - n h 2
U r e t h a n e
I t  h a s  b e e n  shown t o  h a v e  c a r c i n o g e n i c  a c t i o n  oft t h e  l u n g s  
and o t h e r  t i s s u e s  (Low and P r e c e r u t t i ,  1 9 6 3 )  and an  " i n i t i a t i n g "  
a c t i o n  i n  t h e  c a s e  o f  s k i n  c a r c i n o g e n s  i s  CSalaman and R o e ,  1 9 5 3 ) .  
I t  h a s  b e e n  s u g g e s t e d  t h a t  e t h - y l  N - h y d r o x y c a r b a m a t e ,  a m e t a b o l i t e  
o f  u r e t h a n e ,  e x h i b i t s  r a d i o m i m e t i c  e f f e c t s  by  a c t i n g  a s  a l k y ­
l a t i n g  a g e n t s  t o w a r d s  m e r c a p t o a m i n o  a c i d s  (J3oyland and N e v y ,  1 9 6 5 )  
U r e t h a n e  i s  now o n l y  u s e d  a s  a l a b o r a t o r y  a n e s t h e t i c .
C e r t a i n  a n a l o g u e s  o f  u r e t h a n e  h a v e  a l s o  b e e n  u s e d  a s  
h y p n o t i c s :
Cl
I
CH -C-OCONH, CH -CH-OCOHH. 5 . 2
CH Cl  
A l e u d r I n e
°3 H7
H e d o n a l
CH -CH-OCONH_ 
5 i 2
C2H5
A p o n a l
and a c e t y l e n e  c y c l o h e x y l  c a r b a m a t e s  are .  s t i l l  u s e d  f o r  t h i ' s  
p u r p o s e :
C-CH
OCONH
E t h i n a m a  t e
H2NC00 CH2 C=CH
Prop inama t e
S i m i l a r  p r o p e r t i e s  h a v e  b e e n  n o t e d  f o r  a s e r i e s  o f  1 , 1 - d i a l k y l -  
2 - p r o p y n y l  c a r b a m a t e s  ( K e i l ,  e t  a l ,  1 9 5 4 ) .
w h e r e  b o t h  Rj and R2 a r e  a l k y l .
I n  an a n a l o g o u s  s e r i e s ,  w h e r e  Rj and R2 a r e  a r y l ,  no  
h y p n o t i c  p r o p e r t i e s  h a v e  b e e n  n o t e d  b u t  a n t i  tumoctr ac  t i v i  t y  
was f o u n d  i n  m i c e  ( D i l l a r d ,  e_t a l ,  1 9 6 7 ) .  The d i a l k y l  s e r i e s  
shows  no a c t i v i t y  a g a i n s t  mo u s e  n e o p l a s m s .
A number o f  c a r b a m a t e s  h a v e  a d e p r e s s a n t  a c t i o n  on t h e
s p i n a l  c h o r d  c a u s i n g  m u s c l e  r e l a x a t i o n  ( P r i b y l ,  1 9 6 3 ) .  E x a m p l e si:
o f  s u c h  c ompounds  i n c l u d e  t h e  ca,r,bamate d e r i v a t i v e  o f  m e p h e n e s i n  
and i t s  a n a l o g u e s  c h l o r p h e n e s i n  and m e t h o c a r b a m o l .
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CKL0C0NHo 2 v d CH OCOKH' CH QC0NH2
M e p h e n e s i n  
Carbama t e Chi  o r p h e n i  s i n He t h o c a r b a m o 1
The m o s t  w i d e l y  u s e d  member o f  t h i s  c l a s s  i s  m e p r o b a m a t e .  
T h i s  compound and i t s , h i g h e r  a n a l o g u e  m e b u t a m a t e  a l s o  p o s s e s s  
t r a n q u i l l i z i n g  p r o p e r t i e s .  C a r i s p r o d o l , t h e  N - p r o p y l  d e r i v a t i v e  
o f  m e p r o b a m a t e  a c t s  a s  an a n a l g e s i c  and m u s c l e  r e l a x a n t .
CH^ OCONH^
I ‘ . 2
CH3 ^ C3 H7 
CH2 0C0NH
CH OCOKH
CH--C.  3 i Ci,H9
Me p ro b am a te
CH-OCOKE^Z a
Mebu tama t e
CH OCONHC H_ 
| 2 <
CH2 0C0NH2
C a r i s p r o d o l
C e r t a i n  c a r b a m a t e s  p o s s e s s  p l a n t  g r o w t h  r e t a r d i n g  
p r o p e r t i e s  and a r e  m a r k e t e d  a s  h e r b i c i d e s .  I n  many c a s e s  t h e  
mode o f  a c t i o n  i s  unknown h o w e v e r  IPC and a n a l o g u e s  a p p e a r  t o  
d i s r u p t  t h e  f o r m a t i o n  o f  t h e  m i o t i c  s p i n d l e  i n  r o o t  m e r i s t e m  
o f  c e r t a i n  p l a n t s  ( I v e n s  and B l a c k m a n ,  1 9 4 9 ) :
KHCOOC-H- 
3 7 ■NHCOOC^ H '
Cl
IPC • CIPC
( i s o - p r o p y 1 - N - p h e n y 1 c a r b a m a t e )  ( i s o - p r o p y l - B - ( 2 “ c h l o r o p h e n y l )
c a r b a m a t e )
i i .  The C h e m i c a l  S t a b i l i t y  o f  t h e  C a r b am a t e  Group
The p a r e n t  a c i d  o f  c a r b a m a t e  e s t e r s  i s  c a r b a m i c  a c i d  -  
H2 N-C-OH -  w h i c h ,  l i k e  i t s  a n a l o g u e s  t h i o c a r b a m i c  a c i d  
(H2 N-CO-SH) and c a r b o n i c  a c i d  (HO-CO-OH), i s  u n s t a b l e .  The  
r e a s o n  f o r  t h i s  i n s t a b i l i t y  i s  t h e  f l a n k i n g  o f  t h e  c a r b o n y l  
g r o u p  by two e l e c t r o n  d o n a t i n g  g r o u p s :
£ + ..
H2 N-*-C*0H
£ ”
C o n s e q u e n t l y  t h e  r e s o n a n c e  h y b r i d  f o r m e d  i n  a q u e d u s  s o l u t i o n  
b r e a k s  down t o  g i v e  c a r b o n  d i o x i d e  and ammonia.
E s t e r s  o f  c a r b a m i c  a c i d  a r e  r e a s o n a b l y  s t a b l e  c ompounds  
and form c r y s t a l l i n e  s o l i d s .  The s t a b i l i t y  i n c r e a s e s  a s  t h e  
N p o s i t i o n  i s  s u b s t i t u t e d ;  N - m o n o s u b s t i t u t e d  c a r b a m a t e s  a r e  
more  s t a b l e  t h a n  N - u n s u b s t i t u t e d  c a r b a m a t e s  and N,
N - d i s u b s t i t u t e d  c a r b a m a t e s  a r e  more  s t a b l e  t h a n  N - m o n o s u b -  
s t i t u t e d  c a r b a m a t e s .  T h e s e  e s t e r s  a r e  s t a b l e  u n d e r  a c i d  
c o n d i t i o n s  b u t  a r e  p r o n e  t o  a l k a l i n e  h y d r o l y s i s .
Q u a n t i t a t i v e  s t u d i e s  on t h e  s t a b i l i t y  o f  p h y s o s t i g m i n e  
f o l l o w e d  an e a r l y  o b s e r v a t i o n  by H e s s e  ( 1 8 6 7 )  t h a t  t h e  f o r m a t i o n  
o f  t h e  c h a r a c t e r i s t i c  p i n k  c o l o u r  o f  r u b r e s e r i n e  was  a f u n c t i o n  
o f  t h e  h y d r o x y l  i o n s  i n  s o l u t i o n .  E l l i s  e t  a l , ( 1 9 4 3 )  s ho we d  
t h a t  t h i s  r e a c t i o n  was  s e c o n d  o r d e r  by u s i n g  an a n t i c h o l i n ­
e s t e r a s e  and c o l o r i m e t r i c  a s s a y .  A e s c h i m a n n  and R e i n e r t  ( 1 9 3 1 )  
n o t e d  t h e  t r a n s i e n t  o do u r  o f  i s o c y a n a t e  when p h y s o s t i g m i n e  and  
a n a l o g u e s  w e r e  l e f t  i n  a q u e o u s  s o l u t i o n .  They  p r o p o s e d  t h a t  
h y d r o l y s i s  o c c u r r e d  t o  g i v e  t h e  p h e n o l  and m e t h y l i s o c y a n a t e  , 
t h e  l a t t e r  d e c o m p o s i n g  t o  g i v e  t h e  a m i n e  and C02 . R u b r e s e r i n e  
h a s  b e e n  shown t o  be  an o r t h o q u i n o n e  ( E l l i s , 1 9 5 3 ) .
H2 N=C-0H <3-----
+ 1 
0 -
h 2 n - c = 5 hI
Q-
H3N+C02
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3
CH.
c N OCOKHCH3 C OU+ CH N=C=03
CH_. CH, 3 3
CH, CH,
3 3
CH.
CH
cH,im ■ + co_
P C. c.
I n  c o n t r a s t ,  N - d i m e t h y l  c a r b a m a t e s  w e r e  s t a b l e  i n  a q u e o u s  
s o l u t i o n  e v e n  when h e a t e d  ( A e s c h i m a n n  and R e i n e r t , 1 9 3 1 ;
C h a i k e n ,  1 9 4 7 ) .  I t  h a s  b e e n  shown t h a t  t h e  h y d r o l y s i s  o f  
N - m o n o m e t h y l  c a r b a m a t e s  i n  a q u e o u s  s o l u t i o n  c a n  be  s u p p r e s s e d  
i f  t h e  pH was m a i n t a i n e d  b.e low 5 ( E l l i s ,  e t  a l , 1 94 3  ;
A e s c h i m a n n  and R e i n e r t ,  1 9 3 1 ) .
The  k i n e t i c s  o f  a l k a l i n e  h y d r o l y s i s  o f  a r y l  c a r b a m a t e s
h a v e  b e e n  w e l l  s t u d i e d  ( D i t t e r t  and H i g u c h i ,  1 9 6 3 ;  C h r i s t e n s o n ,
1 9 6 4 ;  Be n d e r  and Homer,  1 9 6 5 ) .  The u s u a l  m e c h a n i s m  f o r
a l k a l i n e  c l e a v a g e  o f  t h e  e s t e r  bond i n v o l v e s  a c y l - o x y g e n
f i s s i o n  i n  a 2 s t e p  r e a c t i o n :
0 -
. R 1- ^ - 0 R + 0 H  
0
>R f - C - 0 R
; !
GH
■*>^*00 2 +H0R
T h i s  c a n  be  d i s t i n g u i s h e d  f ro m a d i r e c t  d i s p l a c e m e n t  
r e a c t i o n  (SN2 ) > a t  t h e  c a r b o n y l  c a r b o n  a t o m by u s e  o f  i s o t o p i c  
o x y g e n .  I n  t h e  c a s e  o f  c a r b a m a t e  h y d r o l y s i s  CH,=iMe2 N o r  MeHN) 
R 1C0 £“ w o u l d  s p l i t  i n s t a n t a n e o u s l y  t o  an a m i n e  and .C0 2'.
T h i s  m e c h a n i s m  i s  n o t  c o n s i s t e n t  w i t h  t h e  s t r i k i n g  
d i f f e r e n c e s  b e t w e e n  t h e  k i n e t i c s  o f  N - m o n o a l k y l  and N , N -  
d i a l k y l  c a r b a m a t e  h y d r o l y s i s  ( D i t t e r t  and H i g u c h i ,  1 9 6 3 ;  
C h r i s t e n s o n ,  1964  ) n o r  w i t h  t h e  b e l i e f  t h a t  an i s o c y a n a t e  
i n t e r m e d i a t e  i s  i n v o l v e d  ( A e s c h i m a n n  and R e i n e r t ,  1 9 3 1 ) .  
K i n e t i c  s t u d i e s  by s e v e r a l  w o r k e r s  ( D i t t e r t  and H i g u c h i ,  1 9 6 3 ;  
C h r i s t e n s o n ,  1 9 6 4 ;  B e nd e r  and Homer,  1 9 6 5 )  h a v e  shown t h a t  two  
m e c h a n i s m s  e x i s t  d e p e n d i n g  upon  w h e t h e r  t h e  n i t r o g e n  p o s s e s s e s  
a p r o t o n  or  n o t .  The m e c h a n i s m  d e p i c t e d  a b o v e  i s  o n l y  f o u n d
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with-  N , N - d i a l k y l  c a r b a m a t e s .  The l e s s  s t a b l e  N - m o n o a l k y l
arid N - u n s u b s t i t u t e d  c a r b a m a t e s  a r e  h y d r o l y s e d  v i a  t h e  u n s t a b l e
i s o c y a n a t e :
R 1 N = C -
I
0
orJR ’ HN-C-OR + 0 H~— 
i 
0
V H jO  
R 1 N = C = 0 + HOR
RVN=C=0 + H20  ------^  R ’ NHC02 H--—-----1> RNH2 +C02
A l i p h a t i c  c a r b a m a t e s , w h e t h e r  N - s u b s t i t u t e d  o r  n o t ,  a r e  
h y d r o l y s e d  by  t h e  s t a n d a r d  e s t e r  m e c h a n i s m  ( D i t t e r t  and  
H i g u c h i ,  1 9 6 3 ) .
S e c o n d  o r d e r  h y d r o l y s i s  c o n s t a n t s  f o r  t h e s e  r e a c t i o n s  
h a v e  b e e n  p u b l i s h e d  by  a v a r i e t y  o f  w o r k e r s '  ( D i t t e r t  and  
H i g u c h i ,  1 9 6 3 ;  F u k u t o ,  ejt £_1, 1 9 6 7 ;  K o l b e z e n ,  e t  a l ,  1 9 5 4 ) .
A l l  a r e  i n  a g r e e m e n t  c o n c e r n i n g  t h e  o r d e r  o f  s t a b i l i t y  o f  
N - d i s u b s t i t u t e d ,  N - m o n o s u b s t i t u t e d  and N ~ u n s u b s t i t u t e d  c a r b a m a t e  
g r o u p s .  For e x a m p l e
„ _ ___ • H y d r o l y s i s  C o n s t a n t  ( , 1 / m o l e / m i n )o a r  b am a t e  trr r----------— :— -----   ;-------- —------~ -----------  F h e n o 1 p ~ n i t r o p h e n y l
—  3 _  2
N - d i m e t h y l  6 . 0  x 10 5 . 5  x 10
N - m e t h y l  1 .  9 x 1 0 2 3 . 9  x 1 0 1*
NH2 2 . 2  x 1 0 4 1 . 5  x 1 0 7
T h e s e  r e s u l t s  a l s o  show t h e  i n f l u e n c e  o f  p h e n o l i c  
s u b s t i t u e n t s  i n  a f f e c t i n g  t h e  e l e c t r o p h i l i c i t y  o f  t h e  p h e n o l
m o i e t y .  I t  i s  t h i s  p a r a m e t e r  t h a t  i s  r e s p o n s i b l e  f o r  t h e
w i d e  r a n g e  o f  h y d r o l y t i c  s t a b i l i t y  f o u n d  among a r y l  c a r b a m a t e s
( K o l b e z e n ,  je_t a_l, 1 9 5 4 ;  Cas i d a , e_t a_l, I 9 6 0 ) .
The h y d r o l y t i c  s t a b i l i t y  o f  N - d i s u b s t i t u t e d  c a r b a m a t e s  
i n c r e a s e s  w i t h  t h e  s i z e  o f  t h e  N - s u b s t i t u e n t . The c o n v e r s e  i s  
t r u e  w i t h  N - m o n o s u b s t i t u t e d  c a r b a m a t e s  ( C a s i d a ,  e t  a l ,  1 9 6 0 ) .
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iii. The Biological Stability of the Carbamate Group
T h e r e  d o e s  n o t  a p p e a r  t o  be  an enzyme p r e s e n t  i n  e i t h e r  
a n i m a l ,  p l a n t  or  i n s e c t  w h i c h  c o u l d  be  c l a s s e d  a s  a 
“ c a r b a m a t a s e " . H o w e v e r ,  an enzyme h a s  b e e n  i s o l a t e d  f r o m a 
s p e c i e s  o f  P s e u d o mo n a s  w h i c h  d o e s  show c a r b a m a t e  s p e c i f i c i t y  
( K e a r n e y  and Kaufman.,  1 9 65 ) . .  T h i s  enzyme l i b e r a t e s  3 -  
c h l o r o a n i l i n e  f r om s e v e r a l  N - c h l o r o p h e n y 1 c a r b a m a t e s  b u t  
c a n n o t  h y d r o l y s e  tire c o r r e s p o n d i n g  N - c h l o r o p h e n y 1 u r e a s .
E x t e n s i v e  m e t a b o l i s m  o f  both ,  a r o m a t i c  p e s t i c i d e s  
( F u k u t o ,  1 9 7 2 )  and a l i p h a t i c  t h e r a p e u t i c  a g e n t s  ( . H i r t z ,  1 9 7 1 )  
o c c u r s  i n  a n i m a l s .  For  e x a m p l e :  h y d r o x y l a t i o n  o f  a r o m a t i c  r i n g s  
h.as b e e n  d e m o n s t r a t e d  w£th_ C a r b a r y l  ( Knaak ,  e t  a l , 19-65;
L e e l i n g  and C a s i d a ,  1 9 66 ) . ,  c a r b a n o l a t e  ( B a r o n  and D o h - e r t y ,  1 9 6 7 )  
and p h e n p r o b a m a t e  ( H i r t z ,  1 9 7 1 ) ;  h y d r o x y l a t i o n  o f  a l k y l  s i d e  
c h a i n s  w i t h ,  c a r b o f u r a n  ( M e t c a l f ,  e_t a_l,  1 9 6 8 ) . ,  m e p r o b a m a t e  
(Yamamoto,  e_t a]L, 1 9 6 2 a  and b;  L u d w i g ,  e t  a l ,  1 9 6 1 )  c a r i s p r o d a l  
( D o u g l a s ,  e t  a l  , 1 9 6 2 b )  and m e b u t a m a t e  ( D o u g l a s ,  1 9 6 2 a ) ;
h y d r o x y l a t i o n  o f  a r o m a t i c  r i n g  s u b s t i t u e n t  g r o u p s  w i t h  L a n d r i n  
( . S l ade  and C a s i d a ,  1 9 7 0 ) ,  i s o - p r o p y l  p h e n y l  ( H o o k  and S m i t h ,
1 9 6 7 )  and t e r  t ~ b u t y l p h e n y 1 N - m e t h y l  c a r b a m a t e s  ( Do u c h  and  
Smith. ,  1 9 7 2 ) ;  N - d e a l k y l a t i o n  w i t h  z e c t t a n .  and a m i n o c a r b  ( W h e e l e r  
and S t r o t h . e r ,  1 9 7 1 ) ;  O o n i t h a n  and C a s i d a ,  1 9 6 8 ) ;  0 - d e a l k y l a t i o n  
w i t h ,  a p r o c a r b  ( O o n i t h a n  and C a s i d a ,  1 9 6 8 )  and c h l o r  p h e n e  s i n e  
c a r b a m a t e  ( B u h l e r ,  1 9 6 4 ) ;  and S - o x i d a t i o n  w i t h  a l d i c a r b  
CKnaak,  e_t a l ,  1 9 6 6 ) ,  mobam CKobbi ns ,  ejt al^, 1 9 6 9 )  and m e t h . i o c a r b  
CWheeler  and S t r o t h e r ,  1 9 7 1 ) .
The p r e t r e a t m e n t  o f  - a n i m a l s . w i t h  a number o f .  u n r e l a t e d  
d r u g s  r e s u l t s  i n  an a c c e l e r a t i o n  o f  c a r b e . r y l  ( . S t e v e n s ,  jejt a l ,
1 9 7 2 ;  L u c i e r ,  e_t aH,  1 9 7 2 )  and m e p r o b a m a t e  m e t a b o l i s m  ( i C a t o  
and V a s s o n e l l i ,  1 9 6 2 ;  K a t o ,  e_t a_l,  1 9 6 1 ) .  I n  a d d i t i o n ,  p r e ­
t r e a t m e n t  o f  c o c k e r e l s  w i t h  c a r b a r y l  r e s u l t s  i n  an i n c r e a s e  
i n  l i v e r  w e i g h t  and enzyme  a c t i v i t y  and d e c r e a s e d  p e n t a b a r b i t o n e  
s l e e p i n g  t i m e  ( P r y e r  and P a u l s o n ,  1 9 7 2 ) .
T h e r e f o r e ,  c a r b a m a t e s  a p p e a r  to  be  t r e a t e d  a s  t y p i c a l  
f o r e i g n  c ompounds  a s  f a r  a s  d e t o x i c a t i o n  i s  c o n c e r n e d .
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G. INTRODUCTION TO PRESENT WORK -
The aim o f  t h e  work  d e s c r i b e d  h e r e  was  t o  g a i n  i n f o r m a t i o n  
on t h e  p h y s i c o - c h e m i c a l  f a c t o r s  w h i c h ,  c o n t r o l  t h e  k i n e t i c s  o f  
a b s o r p t i o n ,  d i s t r i b u t i o n  and e l i m i n a t i o n  o f  d r u g s  i n  r a t .
The c a r b a m a t e s  s e l e c t e d  f o r  t h i s  s t u d y  p o s s e s s  a w i d e  
r a n g e  o f  p h y s i c o - c h e m i c a l  p r o p e r t i e s  w h i c h  make t he m s u i t a b l e  
m o d e l  c ompounds  f o r  t h e  s t u d y  o f  t h e  b e h a v i o u r  o f  d ru g  m o l e ­
c u l e s  i n  b i o l o g i c a l  s y s t e m s .  The c h o i c e  o f  an h o m o l o g o u s  
s e r i e s  was  p a r t i c u l a r l y  a p p r o p r i a t e  s i n c e  t h e  members  o f  s u c h  
a s e r i e s  w o u l d  show r e g u l a r  and i n c r e m e n t a l  c h a n g e s  i n  t h e i r  
p h y s i c o - c h e m i c a l  p r o p e r t i e s .  The a l i p h a t i c  c a r b a m a t e  homo-  
l o g u e s  o f  g e n e r a l  s t r u c t u r e  R - 0 - C 0 - N H 2 a l s o  had a d d i t i o n a l  
a d v a n t a g e s .  They  w e r e  s t a b l e  arid n o n - i o n i s e d  i n  a q u e o u s  
s o l u t i o n  and t h e r e f o r e  c o u l d  b e  c o n s i d e r e d  a s e t s i n g l e  e n t i t y  
i n  k i n e t i c . ,  s t u d i e s .  They  c o u l d  a l s o  be  c o n v e n i e n t l y  a s s a y e d  
by d i r e c t  g a s  l i q u i d  c h r o m a t o g r a p h y  w h i c h  s e p a r a t e d  t h e  c a r b a m a t e s  
f rom e a c h  o t h e r  and f r o m  t h e i r  p a r e n t  a l c o h o l s .  F u r t h e r m o r e ,  
t h e s e  compounds  c o u l d  b e  s y n t h e s i s e d  e a s i l y  f r om t h e  a p p r o p r i a t e  
a l c o h o l  and u r e a .
The p a r t i t i o n  c o e f f i c i e n t  o f  d r u g s  b e t w e e n  l i p o i d a l  and  
a q u e o u s  e n v i r o n m e n t s  h a s  l o n g  b e e n  r e g a r d e d  a s  an i m p o r t a n t  
p r o p e r t y  c o n t r o l l i n g  t h e  t r a n s f e r  and l o c a l i s a t i o n  o f  s u c h  
compounds  w i t h i n  t h e  b o d y .  An h o m o l o g o u s  s e r i e s  o f  c o mpo unds  
w o u l d  b e  e x p e c t e d  t o  show a p r o g r e s s i v e  i n c r e a s e  i n  p a r t i t i o n  
c o e f f i c i e n t  as  t h e  c h a i n  l e n g t h  i s  i n c r e m e n t a l l y  e x t e n d e d  by  
a d d i t i o n a l  m e t h y l e n e  g r o u p s .  The i n c r e a s e  i n  c h a i n  l e n g t h  
b e t w e e n  a m e t h y l  and n - o c t y l  g r o u p  was  c a l c u l a t e d  t o  i n c r e a s e  
t h e  p a r t i t i o n i n g  p r o p e r t i e s  o f  t h e  c a r b a m a t e s  by f o u r  o r d e r s  
and t h i s  was  . c o n s i d e r e d  t o  p r o v i d e  a s ou nd  b a s i s  f o r  a s s e s s i n g  
t h e  a f f e c t  o f  more  s u b t l e  m o l e c u l a r  m o d i f i c a t i o n ,  s u c h  a s  t h e  
r o l e  o f  b r a n c h i n g  o f  t h e  s i d e  c h a i n  o r  i n t r o d u c t i o n  o f  an  
a r o m a t i c  r i n g .  F u r t h e r m o r e  t h e  m o l e c u l a r  s t r u c t u r e  o f  t h e  
c a r b a m a t e  g r o u p  p e r m i t t e d  m o d i f i c a t i o n  o f  t h e  a m i n e  m o i e t y  
and t h e  e f f e c t s  o f  N - a l k y l a t i o n  w o u l d  d e m o n s t r a t e  a n y  d i f f e r e n c e s  
b e t w e e n  p r i m a r y ,  s e c o n d a r y  and t e r t i a r y  a m i n e s . T h u s ,  by o n e  
s t e p  m o d i f i c a t i o n s  o f  t h e  b a s i c  c a r b a m a t e  m o l e c u l e  t h e  c o n ­
t r i b u t i o n  o f  d i f f e r e n t  p h y s i c o - c h e m i c a l  p a r a m e t e r s  c o u l d  be  
a s s e s s e d  a s  i n d e p e n d e n t  f a c t o r s  i n  a g i v e n  b i o l o g i c a l  s y s t e m .
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I t  was  p r o p o s e d  t o  i n v e s t i g a t e  t h e  p h y s i c o - c h e m i c a l  f a c t o r s  
i n f l u e n c i n g  a b s o r p t i o n  f ro m t h e  g a s t r o i n t e s t i n a l  t r a c t .  L i p o -  
p h i l i c i t y  i s  c o n s i d e r e d  t o  be  t h e  p r i m e  d e t e r m i n a n t  i n  c o n ­
t r o l l i n g  t h e  a b s o r p t i o n  f r om b o t h  t h e  s t o m a c h  and t h e  i n t e s t i n e ,  
h o w e v e r  no l i m i t s  t o  t h i s  r e l a t i o n s h i p  h a v e  b e e n  d e f i n e d .  I f  
was  t h e  p u r p o s e  o f  t h e  c a r b a m a t e  s t u d i e s  t o  i n v e s t i g a t e  t h e  
p o s s i b i l i t y  o f  an o p t i m a l  p a r t i t i o n  c o e f f i c i e n t  f o r  a b s o r p t i o n  
and t o  i n v e s t i g a t e  t h e  r o l e  o f  a d d i t i o n a l  f a c t o r s ,  s u c h  as  
h y d r o g e n  b o n d i n g  and s t e r i c  f a c t o r s  i n  t h i s ' p r o c e s s .
A b s o r p t i o n  s t u d i e s  f r o m  b o t h  t h e  i n t e s t i n e  and s t o m a c h  w e r e  
p l a n n e d  i n  o r d e r  t o  c o mp a r e  and c o n t r a s t  b o t h  o r g a n s  s i n c e  f e w  
i n v e s t i g a t i o n s  o f  t h i s  t y p e  h a v e  b e e n  c a r r i e d  o u t .  I n  a d d i t i o n ,  
a c o m p a r i s o n  o f  t h e  i n  v i t r o  e v e r t e d  g u t  s a c  m e t h o d  w i t h  an i n  
s i t u  m e t h o d  was  p r o p o s e d  t o  a s s e s s  t h e  v a l i d i t y  o f  t h e  f o r m e r  
w i d e l y - u s e d  t e c h n i q u e .
The i n t e r a c t i o n  o f  c a r b a m a t e s  w i t h  two b i o l o g i c a l  m a c r o ­
m o l e c u l e s  was  c o n s i d e r e d  i n  o r d e r  t h a t  t h e  e x t e n t  o f  l o c a l i s a t i o n  
o f  t h e s e  m o l e c u l e s  m i g h t  be  a s s e s s e d .  L o c a l i s a t i o n  o f  d r u g  
m o l e c u l e s  i s  i m p o r t a n t  a t  b o t h  t i s s u e  and c e l l u l a r  l e v e l  s i n c e  
m o d e l s  f o r  membrane p e r m e a t i o n  h a v e  b e e n  p r o p o s e d  w h i c h  i n v o l v e  
membrane b i n d i n g  p r i o r  t o  membrane t r a n s f e r .
B o v i n e  s e r um a l b u m i n  was s e l e c t e d  f o r  t h e s e  s t u d i e s  b e c a u s e  
o f  t h e  p u r i t y  o f  t h e  c o m m e r c i a l l y  a v a i l a b l e  compound and  
b e c a u s e  o f  t h e  i m p l i c a t e d  i m p o r t a n c e  o f  p r o t e i n  b i n d i n g , p a r t i c u ­
l a r l y  i n  t h e  p l a s m a .  The o t h e r  m a c r o m o l e c u l a r  s y s t e m  s t u d i e d  
Kas an h e p a t i c  m i c r o s o m a l  p r e p a r a t i o n .  T h i s  was  s e l e c t e d  
f o r  two r e a s o n s :  f i r s t l y  t o  s t u d y  t h e  b i n d i n g  o f  c a r b a m a t e s  
t o  an i mp u r e  b u t  p r e d o m i n a t e l y  l i p o i d a l  p r e p a r a t i o n  and s e c o n d l y  
t o  g a i n  i n f o r m a t i o n  on t h e  c o m p a r a t i v e  m e t a b o l i c  r a t e  o f  t h e s e  
compounds  as  i n d i c a t e d  by t h e i r  i n t e r a c t i o n  w i t h i n  t h i s  s y s t e m .
T o ' i n t e r r e l a t e  t h e s e  p r o c e s s e s  i n  a " w h o l e  b o d y"  s t u d y  a 
p h a r m a c o k i n e t i c  p r o f i l e s  f o r  t h e  d i s p o s i t i o n  o f  two c a r b a m a t e  
i n s e c t i c i d e s  i n  r a t  was  i n s t i g a t e d .  C a r b a r y l  and L a n d r i n  w e r e  
s e l e c t e d  f o r  t h i s  s t u d y  f o r  t h e  f o l l o w i n g  r e a s o n s .  A l t h o u g h  
t h e y  a r e  q u i t e  c o m p l e x  m o l e c u l e s ,  t h e y  p o s s e s s  s i m i l a r  p a r t i t i o n ­
i n g  p r o p e r t i e s  and i t  i s  p r o b a b l e  t h a t  t h e i r  a b i l i t y  t o  c r o s s  
b i o l o g i c a l  membranes  w o u l d  be  a p p r o x i m a t e l y  e q u a l .  I n  a d d i t i o n ,  
e x t e n s i v e  i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  m e t a b o l i s m  o f  t h e s e  
two c a r b a m a t e s .  No p r e v i o u s  p h a r m a c o k i n e t i c  s t u d i e s  a p p e a r
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MATERIALS
C a r b a m a t e s  o f  G e n e r a l  S t r u c t u r e  -  R-Q-CQ-NH?
M e t h y l  ( K o c h - L i g h t  Labs  L t d . ,  C o l n b r o o k ,  B u c k s . ,
E n g l a n d ) ,  e t h y l  (BDH L t d . ,  P o o l e ,  D o r s e t ,  E n g l a n d ) ,  n - p r o p y l  
and n - b u t y l  (Kodak L t d . , K i r b y ,  L i v e r p o o l ,  E n g l a n d ) , p h e n y l  
c a r b a m a t e  ( Emanue l  L t d . ,  Wembley ,  Lo ndon)  and b e n z y l  c a r b a m a t e  
( A l d r i c h  C h e m i c a l  C o . ,  M i l w a u k e e ,  W i s c o n s i n ,  USA) w e r e  o b t a i n e d  
c o m m e r c i a l l y  and w e r e  r e a g e n t  g r a d e .  They w e r e  u s e d  w i t h o u t  
f u r t h e r  p u r i f i c a t i o n .  i s o - B u t y 1 ( 2 - m e t h y l p r o p y l ; m . p t .  6 1 ° C ) , 
t e r t - b u t y 1 ( 1 , 1 - d i m e t h y l e t h y 1;  m . p .  1 0 4 - 6 ° C ) , t e r t - p e n t y 1 ( 2 , 2 -  
di me  t h y  l p r o p y l  ; m . p t  8 0 ° C ) ,  n - p e n t y l  ( m . p t  5 3 - 4 ° C ) , t e r t - h e x y l  
( 3 , 3 - d i m e t h y l b u t y 1; m . p t  5 5 - 6 ° C ) , n - h e x y l  ( m . p t  5 9 ° C ) , n - h e p t y l  
( m . p t  6 2 ° C )  n - o c t y l  ( m. p t  6 7 ° C ) , n - d e c y l  ( m . p t  6 9 ° C )  , n - d o d e c y l  
( m . p t  7 9 ° C ) , n - t e t r a d e c y l  ( m . p t  8 2 °C )  and n - h e x d e c y l  ( m . p t  9 0 ° C)  
c a r b a m a t e  w e r e  s y n t h e s i s e d  by t h e  C h e m i s t r y  D i v i s i o n  o f  t h e  
C h e m i c a l  D e f e n c e  E s t a b l i s h m e n t .  The p u r i t y  o f  t h e  c a r b a m a t e s  
u s e d  was  c h e c k e d  by i n f r a  r e d  s p e c t r o s c o p y  and g . l . c .  and was  
f o u n d  i n  a l l  c a s e s  t o  b e  >99%.
N - m e t h y l a t e d  C a r b a m a t e s  and t h e i r  P a r e n t  P h e n o l s
M e t h y l  ( b . p t  60°C a t  15 mm),  n - p r o p y l  ( b . p t  72°C a t  15 mm) 
and n - p e n t y l  ( b . p t  120°C a t  15 mm) N - m e t h y l  c a r b a m a t e s  w e r e  
s y n t h e s i s e d  by  t h e  C h e m i c a l  D i v i s i o n  o f  t h e  C h e m i c a l  D e f e n c e  
E s t a b l i s h m e n t .
4 - C h l o r o p h e n y l , 1 - n a p h t h y l  and p h e n y l  N - m e t h y l  c a r b a m a t e s ,  
p h e n y l  N , N - d i m e t h y l  c a r b a m a t e  and 3 , 4 , 5 - t r i m e t h y l p h e n o l  w e r e  
s u p p l i e d  by  F . . B a r l o w  o f  t h e  C e n t r e  f o r  O v e r s e a s  P e s t i c i d e  
R e s e a r c h ,  P o r t o n  Down.  4 - C h l o r o p h e n o 1 ,  1 - n a p h t h o l  and p h e n o l  
w e r e  p u r c h a s e d  f rom BDH L t d ,  P o o l e ,  D o r s e t .
T h r e e  ^ C  r a d i o l a b e l l e d  c a r b a m a t e s  w e r e  u s e d .  Two 
c a r b a m a t e s  w e r e  l a b e l l e d  i n  t h e  carb on y l g r o u p  o f  t h e  e s t e r  
l i n k a g e  -  C a r b a r y l  ( 1 - n a p h t h y l  N - m e t h y l c a r b a m a t e )  was  o b t a i n e d  
f r om t h e  R a d i o c h e m i c a l  C e n t r e ,  Amersham,  s p e c i f i c  a c t i v i t y  
131 p C i / m g ,  2 6 . 4  mCi/mM; and L a n d r i n  ( 3 , 4 , 5 - t r i m e t h y l  p h e n y l  
N - m e t h y l c a r b a m a t e )  was  d o n a t e d  by S h e l l  L t d . ,  S i t t i n g b o u m e ,
K e n t ,  s p e c i f i c  a c t i v i t y  3 2 . 6  p C i / m g ,  6 . 5 2  mCi/mM. The t h i r d ,  
P h e n y l  N - m e t hy  l c a r b a m a t e  was  s y n t h e s i s e d  f ro m u n i f o r m l y  l l f C 
p h e n o l  o b t a i n e d  f r om t h e  R a d i o c h e m i c a l  C e n t r e ,  Amers ham.  The  
p h e n o l  had a s p e c i f i c  a c t i v i t y  o f  368 p C i / m g ,  35 mCi / mmol  and  
t h e  r e s u l t i n g  p h e n y l  N - m e t h y 1 c a r b a m a t e  had a s p e c i f i c  a c t i v i t y
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o f  4 . 0 7  6 y C i / m g ,  6 1 0 . 9  y C i / m m o l .
C a r b e n o x o l o n e - C 11* was  l a b e l l e d  i n  t h e  s u c c i n a t e  g r o u p i n g  
and had a s p e c i f i c  a c t i v i t y  o f  90 y C i / g .  I t  was  s y n t h e s i s e d  
by Dr M Humphrey ,  U n i v e r s i t y  o f  S u r r e y ,  G u i l d f o r d  (Humphrey ,  
1 9 7 2 ) .
G e n e r a l  C h e m i c a l s  and S o l v e n t s
U n l e s s  o t h e r w i s e  s t a t e d ,  a l l  c h e m i c a l s  and s o l v e n t s  w e r e  
o f  a n a l y t i c a l  r e a g e n t  g r a d e  and w e r e  o b t a i n e d  f r o m  BDH L t d . ,  
P o o l e ,  D o r s e t .
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METHODS
A . GLC ASSAY FOR ALIPHATIC CARBAMATES
A l l  a l i p h a t i c  c a r b a m a t e s  w e r e  a s s a y e d  u s i n g  a P y e  105  
s e r i e s  2 g a s  c h r o m a t o g r a p h  ( P y e  U n i c a m  L t d , C a m b r i d g e , E n g l a n d )  
f i t t e d  w i t h  a f l a m e  i o n i s a t i o n  d e t e c t o r .  An 18" x | 11 g l a s s  
c o l u m n  p a c k e d  w i t h  P o r a p a c P  ( P h a s e  S e p a r a t i o n s  L t d ,  F l i n t s h i r e ,  
Wa l e s  (  me s h  s i z e  100  -  1 20 ) ,  was  u s e d  and g a s  f l o w  r a t e s  w e r e  
n i t r o g e n ,  120  m l / m i n ;  h y d r o g e n ,  35 m l / m i n ;  a i r ,  5 0 0  m l / m i n .
2 y 1 s a m p l e s  o f  t e s t  s o l u t i o n  w e r e  i n j e c t e d  d i r e c t l y  on t o  t h e  
c o l u m n .  No c l e a n  up o f  t e s t  s o l u t i o n s  was  f o u n d  n e c e s s a r y .
Pe a k  a r e a s  Were c a l c u l a t e d  by t r i a n g l u l a t i o n  and a p p r o p r i a t e  
s t a n d a r d s  w e r e  run e a c h  d a y .
T a b l e  2 . 1  l i s t s  t h e  r e t e n t i o n  t i m e s  and o v e n  t e m p e r a t u r e s  
u s e d .  P h e n y l  c a r b a m a t e  c o u l d  n o t  be  c h r o m a t o g r a p h e d  w i t h o u t  
d e c o m p o s i t i o n  on c o l umn  t o  g i v e  p h e n o l .  A l l  o t h e r  c a r b a m a t e s  
g a v e  c h a r a c t e r i s t i c  p e a k s  w h i c h  c o u l d  be  s e p a r a t e d  f r o m  t h e i r  
p a r e n t  a l c h o l s .
TABLE 2 . 1
GLC CONDITIONS FOR ASSAY OF ALIPHATIC CARBAMATES 
USING A PORAPAC P COLUMN3
C a r b am a te Column T e m p e r a t u r e
( ° c )
R e t e n t i o n  Time  
( m i n )
M e t h y l  Ca rb am a te 160 4
E t h y l .  C a r b a ma t e 160 6
P r o p y l  C a rb a ma t e 180 4 . 5
n - B u t y l  C a rb a ma t e 180 7
n - P e n t y l  C a r b a ma t e 200 6
n - H e x y l  C a r b a ma t e 200 9
n - H e p t y l  C a r b a ma t e 2 20 7 . 5
n - O c t y 1 C a r b am a t e 220 11
i - B u t y l  C a rb am a te 180 6
t - B u t y 1 C a r b a ma te 200 6
t—P e n t y l  C a r b a ma t e 200 6
t - H e x y l  C a r b a ma t e 200 9
B e n z y l  C a r b a ma t e 220 15
M e t h y l  N - m e t h y l c a r b a m a t e 160 4 . 5
n - P r o p y l  N - m e t h y l c a r b a m a t e 160 6 . 5
n - P e n t y l  N - m e t h y l c a r b a m a t e 220 7 . 0
P h e n y l  N , N - d i m e t h y l c a r b a m a t e 2 2 0 16
a Gas F l o w s  H2 35 c c / m i n ,  N2 120 c c / m i n  and A i r  5 0 0  c c / m i n
B.  PROCEDURES USED FOR RADI'OACTIVELY--LABELLED CARBAMATES
L i q u i d  S c i n t i l l a t i o n  C o u n t i n g
A P a c k a r d  T r i c a r b  3 3 75  L i q u i d  S c i n t i l l a t i o n  C o u n t e r  was  
u s e d  f o r  a l l  r a d i o a c t i v e  a s s a y s .  E f f i c i e n c y  o f  s a m p l e  c o u n t i n g  
was  d e t e r m i n e d  by a u t o m a t i c  e x t e r n a l  s t a n d a r d i s a t i o n  and was  
b e t w e e n  76% and 85%. A d i o x a n  b a s e d  g e l  s c i n t i l l a t i o n  
( 1 0  m i s  p e r  s a m p l e )  was  u s e d  c o m p r i s i n g  o f
N a p h t h a l e n e  (BDH L t d  S c i n t i l l a t i o n  Gr a de )
2 , 5 - D i p h e n y  lo x a z o le f PPO ( K o c h - L i g h t  Labs  L t d )
1 , 4 - D i - 2 - ( 5 - P h e n y l o x o z a l y l )  b e n z e n e , POPOP 
( K o c h - L i g h t  Labs  L t d )  -
M e t h a n o l  (BDH L t d )
E t h y l e n e  G l y c o l  (BDH L t d )
C a b - o - s i l  ( P a c k a r d )
made up t o  5 1 w i t h  1 , 4 - d i o x o n  ( K o c h - L i g h t  Labs  L t d . )
TLC S y s t e m s  U s e d
20 x  20 cm g l a s s  p l a t e s  w e r e  c o a t e d  w i t h  s i l i c a  g e l  G 
( K i e s e l g e l  G, M e r c k ,  D a r m s t a d t ,  Germany)  and a c t i v a t e d  i n  an  
o v e n  a t  110°C b e f o r e  u s e .  An e t h e r - h e x a n e  ( 4 : 1 )  s o l v e n t  s y s t e m  wa 
u s e d  f o r  a l l  N - m e t h y l  c a r b a m a t e s  s t u d i e d  and t h e  Rf  v a l u e s  a r e  
q u o t e d  i n  T a b l e  2 . 2 .
A B u t a n o1 - A m m o n i a  ( 4 : 1 )  s y s t e m  was  u s e d  f o r  c a r b e n o x o l o n e  
w h i c h  s e p a r a t e d  t h i s  compound ( Rf  0 . 7 )  f ro m i t s  g l u c u r o n i d e  
( Rf  0 . 2 ) .  J
TABLE 2 . 2
Rf VALUES FOR TLC OF CARBAMATES IN 
ETHER-HEXANE ( 4 . 1 )  SOLVENT SYSTEM
N - M e t h y l  C a r b a m a t e Rf
3 , 4 , 5 - T r i m e t h y l p h e n y l 0 . 6  3
1 - N a p h t h y 1 0 . 5 0
P h e n y l a 0 . 6 5
a Rf  f o r  P h e n o l  was  0 . 9 0
c o c k t a i 1 
3 0 0  g
20 g
1 g 
5 0 0  ml  
1 0 0  ml  
4 0 0 0  m i s  
( b u l k )
C. SYNTHESIS OE 1UC-PHENYL N-METHYL CARBAMATE
A n a l a r  p h e n o l  was  d r i e d  o v e r  p h o s p h o r u s  p e n t o x i d e  and a 
d r y  25 ml  r o u n d  b o t t o m e d  f l a s k  f l u s h e d  w i t h  n i t r o g e n  b e f o r e  
u s e .  A l l  p r o c e d u r e s  w e r e  c a r r i e d  o u t  a t  room t e m p e r a t u r e .
C o l d  p h e n o l  ( 8 7  mg) was  p l a c e d  i n  t h e  f l a s k  and t h e  
^ C - p h e n o l  was  w a s h e d  f rom t h e  v i a l  i n t o  t h e  f l a s k  w i t h  e t h e r  
(4 x 0 . 2 5  m l ) .  E t h a n o l a m i n e  (2 d r o p s )  and m e t h y l  i s o c y a n a t e  
( 6 3  mg; 6 7 . 5  y l )  w e r e  t h e n  a dd e d  and l e f t  t o  s t a n d  f o r  30  
m i n u t e s .  C r y s t a l s  o f  p h e n y l  N - m e t h y l c a r b a m a t e  p r e c i p i t a t e d  o u t .
OCONHCH.
P h e n o l  M e t h y l  I s o c y a n a t e  P h e n y l  N - m e t h y l c a r b a m a t e
( 9 4  mg) ( 6 3  mg) ( 1 4 9  g)
1 mmole 1 . 1  mmole  1 mmole
TLC o f  t h e  r e s u l t i n g  p r o d u c t  s ho we d  t h e  r a d i o a c t i v e  p u r i t y  
t o  be  >98%, w i t h  a s p e c i f i c  a c t i v i t y  o f  4 . 0 7 6  y C i / m g  ( 6 1 0 . 9  
y C i / m m o l e ) . No f u r t h e r  p u r i f i c a t i o n  was c a r r i e d  o u t .
The y i e l d  was  110  mg i e  74% c o n v e r s i o n ,  w i t h  4 0 . 7 6  y C i  
i e  81 .5% l l f C i n c o r p o r a t i o n .
D. DETERMINATION OF PHYSICO-CHEMICAL PROPERTIES
D e t e r m i n a t i o n  o f  A p p a r e n t  P a r t i t i o n  C o e f f i c i e n t s
The a p p a r e n t  p a r t i t i o n  c o e f f i c i e n t  o f  e a c h  c a r b a m a t e  was  
d e t e r m i n e d  i n  d u p l i c a t e  a t  37°C u s i n g  n - o c t a n o l  and 0 .  1M p h o s p h a t  
b u f f e r  pH 7 . 4 .  B o th  t h e  o c t a n o l  and b u f f e r  w e r e  s a t u r a t e d  
w i t h  t h e  r e l e v a n t  a q u e o u s  o r  o r g a n i c  p h a s e  b e f o r e  u s e .  E q u a l  
v o l u m e s  ( 25  m l )  o f  b o t h  p h a s e s  w e r e  u s e d  and 6 h o u r s  a g i t a t i o n  
was a l l o w e d  t o  a c h i e v e  e q u i l i b r i u m  ( L e o ,  e t  a l , 1 9 7 1 ) .  The  
i n i t i a l  c o n c e n t r a t i o n  o f  c a r b a m a t e  was  20mM d i s s o l v e d  e i t h e r  
i n  t h e  a q u e o u s  (-R=Ci-C5 ) o r  t h e  o c t a n o l  p h a s e  (R=C0 - C 8 )»  The  
amount  o f  c a r b a m a t e  i n  b o t h  p h a s e s  a t  e q u i l i b r i u m  was  a s s a y e d  and  
good  a g r e e m e n t  (>99%) was f o u n d  b e t w e e n  d u p l i c a t e s .
D e t e r m i n a t i o n  o f  Aqu e o u s  S o l u b i l i t e s
A m o d e r a t e  e x c e s s  o f  c a r b a m a t e  was  i n c u b a t e d  w i t h  25 ml  o f  
d i s t i l l e d  w a t e r  i n  a s h a k i n g  w a t e r  b a t h  a t  3 7 ° C .  A f t e r  48 h o u r s ,  
s a m p l e s  w e r e  r e mo v e d  by means  o f  a p i p e t t e  f i t t e d  w i t h  a f i l t e r  
p l u g .  The s a m p l e s  w e r e  d i l u t e d  a p p r o p r i a t e l y  and a s s a y e d .
Good d u p l i c a t e s  (>97%) w e r e  o b t a i n e d  and h y d r o l y s i s  d i d  n o t  
e x c e e d  1 %.
D e t e r m i n a t i o n  o f  P o s s i b l e  M i c e l l e  F o r m a t i o n  i n  A q u e o u s  
C a r b a ma t e  S o l u t i o n s
A P e r k i n - E l m e r  S p e c t r o f l u o r i m e t e r  MPF 3 ( B e a c o n s f i e l d ,
B u c k s , .  E n g l a n d ) . w a s  s e t  i n  t h e  n e p h a l o m e t e r  mode t o  m e a s u r e  
t h e  l i g h t  s c a t t e r i n g  p r o p e r t i e s  o f  t h e  c a r b a m a t e  s o l u t i o n s .
S c a n s  b e t w e e n  3 5 0  -  5 0 0  nmehowed no e v i d e n c e  f o r  t h e  p r e s e n c e  
o f  m i c e l l e s .  T h e s e  s t u d i e s  w e r e  c a r r i e d  o u t  w i t h i n  t h e  
c o n c e n t r a t i o n  range* u s e d  f o r  t h e  a b s o r p t i o n  e x p e r i m e n t s  and  
i n  t h e  a b s e n c e  o f  Tween 8 0 .
I n c o r p o r a t i o n  o f  C a r b a m a t e s  i n t o  Tween 80 M i c e l l e s
Each  c a r b a m a t e  s o l u t i o n  ( 10  mM) was  made up i n  0 . 1  M 
c i t r a t e - p h o s p h a t e  b u f f e r  c o n t a i n i n g  5  ^ w/ v  Tween 80  ( H o p k i n s  
and W i l l i a m s  L t d ,  E s s e x ) .  6 m i s  o f  t h e s e  s o l u t i o n s  w e r e  
p i p e t t e d  i n t o  d i a l y s i s  s a c s  ( V i s k i n g  T u b i n g  -  S c i e n t i f i c  
I n s t r u m e n t  Co,  London)  w h i c h  w e r e  p l a c e d  i n  m o d i f i e d  T o r i b a r a  
t u b e s  ( T o r i b a r a ,  jet aJL, 1 9 5 7 )  w i t h  50  ml p o l y c a r b o n a t e  c e n t r i f u g e  
t u b e s .  The c o m p l e t e  a s s e m b l y  f o r  t h e  u l t r a f i l t r a t i o n  p r o c e s s  
i s  shown i n  F i g  2 . 1 .  D u p l i c a t e  s a m p l e s  o f  e a c h  c a r b a m a t e  w e r e
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FIG 2 .1 -  •
Modified Toribara Ultrafiltration Apparatus
glass s in te r
Polycarbonate tube 
(50 ml)
"Dialysis bag
Ultrafiltrate
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r u n  a t  2 , 5 0 0  g f o r  1 h o u r  a't 37°C u s i n g  a M i s t r a l  6L c e n t r i f u g e  
(MSE L t d . ,  C r a w l e y ,  S u s s e x ) .
The d i a l y s i s  s e a s  w e r e  p r e p a r e d  by s o a k i n g  f o r  a t  l e a s t  
24 h o u r s  i n  r e p e a t e d  c h a n g e s  o f  d e - i o n i z e d  w a t e r  and t h e n  , 
p h o s p h a t e  b u f f e r  f o r  t h e  same p e r i o d  o f  t i m e .
The amount  o f  c a r b a m a t e  i n  t h e  u l t r a f i l t r a t e  and w i t h i n  
t h e  d i a l y s i s  s a c  w a s - . a s s a y e d  by g . l . c .  and g o o d  a g r e e m e n t  was  
f o u n d  b e t w e e n  d u p l i c a t e g ( > 9 9 %) .  C o n t r o l  r u n s  w i t h  no Tween  
80 w e r e  c a r r i e d  o u t  t o  a s s e s s  t h e  e x t e n t  o f  b i n d i n g  t o  t h e  
d i a l y s i s  s a c  by c o m p a r i s o n  o f  t h e  c o n c e n t r a t i o n  o f  c a r b a m a t e  
i n s i d e  and o u t s i d e  t h e  s a c  a t  e q u i l i b r i u m .
D e t e r m i n a t i o n  o f  H y d r o l y s i s  R a t e s
H y d r o l y s i s  r a t e s  f o r  e a c h  a r o m a t i c  N - m e t h y l c a r b a m a t e  w e r e  
d e t e r m i n e d  c o l o r i m e t r i c a l l y  a t  37°C by e s t i m a t i n g  t h e  amount  o f  
p a r e n t  p h e n o l  f o r m e d  a t  c e r t a i n  t i m e  i n t e r v a l s .  A Un i ca m  
SP 8 0 0  ( P y e - U n i c a m  L t d . ,  C a m b r i d g e )  was  u s e d  and t h e  pHs s t u d i e  
w e r e  pH 1 . 5  ( 0 . 1 N  h y d r o c h l o r i c  a c i d ) ,  7 . 4 ,  8 . 0  (O'.IM p h o s p h a t e  
b u f f e r ) ,  8 . 5 ,  9 ,  9 . 5  and 10 ( 0 . 1 M b i c a r b o n a t e  b u f f e r )  . The  
w a v e l e n g t h s  f o r  m a x i m a l  UV a b s o r p t i o n  o f  e a c h  p h e n o l  a r e  shown  
i n  T a b l e  2 . 3 ,  t h e  c a r b a m a t e  UV a b s o r p t i o n  s p e c t r a  i s  n e g l i g i b l e  
a t  t h e s e  w a v e l e n g t h s .
TABLE 2 . 3
UV ABSORPTION WAVELENGTHS USED FOR DETERMINATION
OF HYDROLYSIS RATES
P h e n o l W a v e l e n g t h
(nm)
P h e n o l 275
4 - C h i o r o p h e n o l 285
1 - N a p h t h o l 320
3 , 4 , 5 - T r i m e t h y l p h e n o l 2 75
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E. DETERMINATION OF AFFINITY CONSTANTS FOR
INTERACTION OF CARBAMATES WITH BOVINE SERUM 
ALBUMIN
C r y s t a l l i n e  b o v i n e  s erum a l b u m i n  (Cohn f r a c t i o n  V,  S igma  
Chem C o . ,  S t  L o u i s )  was  u s e d .  A l b u m i n  (4% w / v )  and c a r b a m a t e  
(2 -  20 mM) s o l u t i o n s  w e r e  p r e p a r e d  i n  0 . 1 5 4  M p h o s p h a t e  b u f f e r  
a t  pH 7 . 4 .  B i n d i n g  was  d e t e r m i n e d  by means  o f  t h e  u l t r a f i l t r a t i o n  
m e t h o d  p r e v i o u s l y  d e s c r i b e d  f o r  Tween 80 m i c e l l e  i n c o r p o r a t i o n  
e x p e r i m e n t s .  3 m i s  o f  t h e  c a r b a m a t e  and a l b u m i n  s o l u t i o n s  
w e r e  m i x e d  j u s t  p r i o r  t o  p l a c i n g  i n  t h e  d i a l y s i s  s a c s .
T o r i b a r a  t u b e s  ( a s  shown i n  F i g  2 . 1 )  w e r e  s p u n  a t  2 , 5 0 0  g 
u s i n g  t h e  M i s t r a l  6L c e n t r i f u g e  a t  3 7 °  o r  10°C f o r  1 h o u r . 
Ca rb am a t e  i n s i d e  and o u t s i d e  t h e  s a c  was  t h e n  d e t e r m i n e d  by
g . l . c .
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F .  DETERMINATION OF SPECTRAL DISSOCIATION CONSTANTS
FOR INTERACTION OF CARBAMATES WITH RAT HEPATIC MICROSgOMES 
P r e t r e a t m e n t  o f  A n i m a l s
Ma l e  r a t s  ( 1 9 0  -  2 1 0  g)  r e c e i v e d  s o d i u m  p h e n o b a r b i t o n e  
i n  s a l i n e  ( 1 0 0  m g / k g )  a s  i n t r a p e r i t o n e a l  i n j e c t i o n s  o n c e  d a i l y  
f o r  4 d a y s .  F i n a l  i n j e c t i o n s  w e r e  g i v e n  a p p r o x i m a t e l y  24 h o u r s  
b e f o r e  s a c r i f i c e .
P r e p a r a t i o n  o f  M i c r o s o m a l  F r a c t i o n
R a t s  w e r e  k i l l e d  by c e v i c a l  d i s l o c a t i o n  and a l l  s u b s e q u e n t  
o p e r a t i o n s  p e r f o r m e d  q u i c k l y  u s i n g  e q u i p m e n t  and s o l u t i o n s  
p r e c o o l e d  t o  2 ° C .
The l i v e r  was  r e m o v e d • and p l a c e d  i n  0 . 1 5  M KC1 s o l u t i o n  
t o  w a sh  o f f  e x c e s s  b l o o d ,  d r i e d  on a f i l t e r  p a p e r  (Whatman  
No 1)  and p l a c e d  i n  a t a r e d  b e a k e r  w i t h  1 0 - 2 0  m i s  -of 0 . 0 1  M 
p h o s p h a t e  b u f f e r ,  pH 7 . 6 .  A f t e r  w e i g h i n g ,  t h e  l i v e r  was  
s c i s s o r  c h o p p e d  and t h e  b e a k e r  t o p p e d  up w i t h  b u f f e r  t o  g i v e  
3 m l / g  l i v e r .  H o m o g e n i s a t i o n  was  c a r r i e d  o u t  u s i n g  a m o t o r
d r i v e n  P o t t e r - E l v e h j e m  t y p e  T e f l o n  -  G l a s s  h o m o g e n i s e r  f o r  
t h r e e  r e t u r n  s t r o k e s .
The h o m o g e n a t e  was  t h e n  w a s h e d  i n t o  p o l y c a r b o n a t e  c e n t r i f u g e
t a b l e s  ( 5 0  ml )  and a f u r t h e r  1 m l / g  l i v e r  o f  b u f f e r  a dd e d  t o
g i v e  a 25% w / v  m i x t u r e .  A f t e r  b a l a n c i n g  t h e  t u b e s  w e r e  s p u n  a t
1 5 , 0 0 0  g ( H i g h  Spe e d  1 8 ,  8 x 50  ml r o t o r ,  MSE L t d . ,  C r a w l e y ,
S u s s e x )  f o r  20 m i n u t e s  t o  s e d i m e n t  t h e  n u c l e i ,  m i t o c h o n d r i a  
 ^ '
and l y s o ^ o x n e s .  The s u p e r n a t a n t  was  p o u r e d  i n t o  25 ml  c e n t r i f u g e  
t u b e s ,  f i t t e d  w i t h  c a p s ,  r e b a l a n c e d  and s p u n  a t  1 0 5 , 0 0 0  g 
( S u p e r  S p e e d  5 0 ,  8 x. 25 ml  r o t o r ,  MSE L t d ,  C r a w l e y ,  S u s s e x )  
f o r  I  h o u r  t o  s e d i m e n t  t h e  m i c r o s o m e s - .  The p r e c i p i t a t e  was  
t h e n  r e s u s p e n d e d  i n  b u f f e r  ( 1  m l / g  l i v e r  a p p r o x i m a t e l y )  , 
r e b a l a n c e d  and s p un  a t  1 0 5 , 0 0 0  g f o r  a n o t h e r  h o u r .
The s u p e r n a t a n t  was p o u r e d  o f f  and j u s t  e n o u g h  f r e s h  
b u f f e r  was  a dded  t o  c o v e r  t h e  p e l l e t .  T h e s e  t u b e s  w e r e  s t o r e d  
o v e r n i g h t  a t  2 °C .
The n e x t  day t h e  p r e c i p i t a t e  was r e s u s p e n d e d  i n  a p p r o x i m a t e !  
20  m i s  o f  b u f f e r  and t h e  p r o t e i n  c o n c e n t r a t i o n  o f  t h e  r e s u l t i n g
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h o m o g e n a t e  s o l u t i o n  d e t e r m i n e d  by means  o f  t h e  Lowry p r o c e d u r e  
( L o w r y ,  e t  a l , 1 9 5 1 ) .  The m i c r o s o m a l  p r e p a r a t i o n  was  d i l u t e d  
a p p r o p r i a t e l y  w i t h  b u f f e r  t o  g i v e  a f i n a l  p r o t e i n  c o n c e n t r a t i o n  
o f  2 m g / m l .
D e t e r m i n a t i o n  o f  S p e c t r a l  D i s s o c i a t i o n  C o n s t a n t s
2 . 5  ml  o f  m i c r o s o m a l  s u s p e n s i o n  was  a d d e d  t o  e a c h  o f  two  
c u v e t te s  ( 1  cm g l a s s )  and a d i f f e r e n c e  s p e c t r u m  was  r e c o r d e d  
b e t w e e n  3 5 0  -  5 0 0  nm u s i n g  a d u a l  beam r e c o r d i n g  s p e c t r o p h o t o m e t e r  
(SP 1 8 0 0 ,  P y e - U n i c a m  L t d . ,  C a m b r i d g e ) .  M i c r o l i t r e  a l i q u o t s  o f  
c a r b a m a t e  s o l u t i o n  i n  e t h a n o l  w e r e  a dded  t o  o n e  c u v e t t e  and  
c o r r e s p o n d i n g  v o l u m e s  o f  n e a t  e t h a n o l  t o  t h e  o t h e r  c u v e t t e ;  
d i f f e r e n c e  s p e c t r a  w e r e  r e c o r d e d  on e a c h  a d d i t i o n  u n t i l  no  
f u r t h e r  i n c r e a s e  i n  t h e  s p e c t r u m  was  o b s e r v e d .
D i f f e r e n c e  s p e c t r a  w e r e  a l s o  r e c o r d e d  u s i n g  a m icrosom al 
s u s p e n s i o n  w h i c h  ha d  b e e n  r e d u c e d  w i t h  s o d i u m  d i t h i o n i t e  and  
t h r o u g h  w h i c h  c a r b o n  m o n o x i d e  had b e e n  b u b b l e d  f o r  30 s e c o n d s .
D i f f e r e n c e  s p e c t r a  f o r  e a c h  compound w e r e  d e t e r m i n e d  u s i n g  a t  
l e a s t  two p r e p a r a t i o n s  f ro m d i f f e r e n t  a n i m a l s . Good a g r e e m e n t  
>95% was f o u n d  b e t w e e n  p r e p a r a t i o n s .
G. DETERMINATION OF ABSORPTION RATES FROM THE
INTESTINE AND STOMACH OF RAT
P r o c e d u r e  a d o p t e d  f o r  E v e r t e d  Gut Sac  S t u d i e s .  -  The g e n e r a l  
p r o c e d u r e  u s e d  was t h a t  o f  W i l s o n  and Wiseman ( 1 9 5 4 )  u s i n g  t h e  
s e r i a l  s a m p l i n g  m o d i f i c a t i o n  o f  Cr ane  and W i l s o n  ( 1 9 5 8 )  . The  
r a t  was  k i l l e d  by a £?low on t h e  h e a d  and a r e g i o n  o f  i l e u m  
10 cm f r om t h e  p y l o r u s  was  r e m o v e d .  A f t e r  w a s h i n g ,  t h e  l e n g t h  
o f  i n t e s t i n e  was  e v e r t e d  u s i n g  a m e t a l  rod  20  cm l o n g  and
1 . 5  mm i n  d i a m e t e r  w i t h  a g r o o v e  a t  o n e  e n d ,  The g r o o v e d  end  
o f  t h e  e v e r t i n g  r o d  was  c a r e f u l l y  i n s e r t e d  i n  t h e  u p p e r  end  
o f  t h e  i n t e s t i n e ,  and t h e  g u t  t i e d  t o  t h e  rod  a t  t h e  g r o o v e  
by c o t t o n .  The i n t e s t i n e  was  t h e n  g e n t l y  r o l l e d  o v e r  i t s e l f  
u n t i l  t h e  t i e d  end e m e r g e s  a t  t h e  o t h e r  end o f  t h e  i n t e s t i n a l  
s e g m e n t .  F o u r  5 cm s e g m e n t s  w e r e  c u t  f r om e a c h  a n i m a l ,  and  
k e p t  i n  i c e - c o l d  i s o t o n i c  s a l i n e  g a s s e d  w i t h  9 5 % o x y g e n ,  
d u r i n g  m a n i p u l a t i o n s .
The d i s t a l  end o f  a s e g m e n t  was  t i e d  and t h e  p r o x i m a l  end  
was a t t a c h e d  t o  t h e  c a n n u l a ,  ( s e e  F i g  2 . 2 ) .  The s e g m e n t  was  
s u s p e n d e d  i n  10  ml o f  K r e b s - H e n s e l i e t  b u f f e r  pH 7 . 4  c o n t a i n i n g  
t h e  compound under s t u d y .  The c a n n u l a  was  a d j u s t e d  t o  
i mm e r se  t h e  s a c  c o m p l e t e l y .  A b o u t  1 ml  o f  d r u g - f r e e  b u f f e r  
was  p l a c e d  i n  t h e  s e r o s a l  c o m p a r t m e n t  v i a  t h e  c a n n u l a .  The  
m u c o s a l  s o l u t i o n  was  c o n t i n u a l l y  g a s s e d  w i t h  a 9 5 : 5  m i x t u r e  o f  
o x y g e n . a n d  c a r b o n  d i o x i d e .  I n  e x p e r i m e n t s  e m p l o y i n g  Tween 8 0 ,  
t h e  d e t e r g e n t  was  a dde d  t o  b o t h  t h e  m u c o s a l  and s e r o s a l  f l u i d s  
a t  a f i n a l  c o n c e n t r a t i o n  o f  5% w / v  ( 38  mM).
20  y l  s a m p l e s  w e r e  r e mo v e d  f ro m t h e  i n s i d e  o f  t h e  s a c  a t  
s u i t a b l e  i n t e r v a l s  f o r  1 h o u r  and a s s a y e d .  At  t h e  end o f  e a c h  
e x p e r i m e n t  a s a m p l e  o f  m u c o s a l  f l u i d  was  t a k e n .  The s a c  was  
t h e n  d r a i n e d ,  w a s h e d  i n  s a l i n e ,  s o n i c a t e d  i n  c h l o r o f o r m :  m e t h a n o l  
( 3 : 1 )  and t h e  c a r b a m a t e  p r e s e n t  i n  t h e  t i s s u e  . d e t e r m i n e d  by  
g . l . c .
P r o c e d u r e  A d o p t e d  f o r  I n  S i t u  I n t e s t i n a l  A b s o r p t i o n  S t u d i e s . -  
R a t s  w e r e  a n a e s t h e t i s e d  w i t h  p e n t a b a r b i t o n e  ( 5 0  mg / Kg;  i . p . )  
( N e b u t a l ,  A b b o t t  L a b s . ,  Q u e e n b o r o u g h , K e n t )  t h e  i n t e s t i n e  
e x p o s e d  by means  o f  a m i d l i n e  a b d o m i n a l  i n c i s i o n ,  and c a n n u l a t e d  
a t  t h e  d u o d e n a l  and i l e a l  e n d s  w i t h  p o l y e t h y l e n e  c a n n u l a s  
( i n t e r n a l  d i a  2 . 5  mm; e x t e r n a l  d i a  3 . 5  mm).  A 50 ml  s y r i n g e ,
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e q u i p p e d  w i t h  a t h r e e - w a y  t a p  ( R o c k e t  L t d . ,  Lo n d o n)  and  
c o n t a i n i n g  p e r f u s i o n  s o l u t i o n  a t  3 7 ° C ,  was  a t t a c h e d  t o  t h e  
d u o d e n a l  c a n n u l a ,  and t h e  i n t e s t i n a l  lumen was  c l e a r e d  o f  
p a r t i c u l a t e  m a t t e r  by s l o w l y  i n t r o d u c i n g  t h e  s o l u t i o n  f ro m t h e  
s y r i n g e .  The s t o m a c h  and t h e  c a e c um  w e r e  c l o s e d  o f f  by l i g a t u r e ,  
c a r e  b e i n g  t a k e n  n o t  t o  o c c l u d e  any m a j o r  b l o o d  v e s s e l s .  Any 
p e r f u s a t e  s o l u t i o n  r e m a i n i n g  i n  t h e  lumen a f t e r  t h e  w a s h i n g  
p r o c e d u r e  was  r e mo v e d  by p u s h i n g  a i r  t h r o u g h  t h e  l umen  o f  t h e  
s y r i n g e .  The i l e a l  c a n n u l a  was  t h e n  a l s o  f i t t e d  w i t h  a t h r e e -  
way t a p  and 50  ml s y r i n g e  ( s e e  F i g  2 . 3 ) .  The compound b e i n g  
i n v e s t i g a t e d  was t h e n  i n t r o d u c e d  i n t o  t h e  lu m en  ( 1 0  m i s  i n  
0 . 1  M c i t r a t e - p h o s p h a t e  b u f f e r  pH 6 ) v i a  t h e  d u o d e n a l  t h r e e -  
way t a p  w i t h  a 10 ml  s y r i n g e ,  . ( s e e  F i g  2 . 3 )  and s a m p l e s  r e mo v e d  
e v e r y  3 m i n u t e s .  Each  t i m e  a s a m p l e  was  t a k e n  t h e  g u t  was  
e m p t i e d  and any  r e d u c t i o n  i n  v o l u m e  n o t e d .  S a m p l i n g  was  c a r r i e d  
o u t  a l t e r n a t e l y  v i a  e a c h  t h r e e - w a y  t a p . T h i s  p r o c e d u r e  was  
b a s e d  on t h a t  o f  D o l n i s i o ,  e t  a l  ( 1 9 6 9 ) .
A f t e r  c o m p l e t i o n  o f  e a c h  i n  s i t u  e x p e r i m e n t  t h e  pH o f  t h e  
l u m e n a l  f l u i d  was  m e a s u r e d  and a 10  cm s e c t i o n  o f  i n t e s t i n e  was  
a l s o  r e mo v e d  and t r e a t e d  as  d e s c r i b e d  p r e v i o u s l y  t o  d e t e r m i n e  t h e  
am ount o f  c a r b a m a t e  r e m a i n i n g  i n  t h e  t i s s u e .
P r o c e d u r e  A d o p t e d  f o r  I n  S i t u  G a s t r i c  A b s o r p t i o n  S t u d i e s . -  
R a t s  w e r e  a n a e s t h e t i s e d  w i t h  p e n t o b a r b i t o n e  ( 5 0  mg/ Kg;  i . p . ) .
The s t o m a c h  was  e x p o s e d ,  w a s h e d  o u t  w i t h  s a l i n e  and c a n n u l a t e d  
by t h e  m et h o d  o f  D o l u i s i o  e t  a l  ( 1 9 6 9 )  i n  a s i m i l a r  f a s h i o n  t o  
t l i a t  d e s c r i b e d  f o r  i n t e s t i n a l  a b s o r p t i o n  s t u d i e s .  I t  was  
f o u n d  n e c e s s a r y  t o  p e r f u s e  t h e  s t o m a c h  w i t h  s a l i n e  f o r  a p e r i o d  
o f  l £  -  2 h o u r s  i n  o r d e r  t o  c l e a r  i t  c o m p l e t e l y  w i t h o u t  
c a u s i n g  h a e m o r r h a g e .
I n  t h e  g a s t r i c  a b s o r p t i o n  e x p e r i m e n t s ,  5 m i s  o f  c a r b a m a t e  
s o l u t i o n  ( 0 . 5  -  15 mM) i n  0 . IN h y d r o c h l o r i c  a c i d  (pH 1 . 5 )  was  
i n t r o d u c e d  i n t o  t h e  g a s t r i c  l umen  and s a m p l e s  r e m o v e d  e v e r y  
20 m i n u t e s  and a s s a y e d .  C i t r a t e - p h o s p h a t e  b u f f e r  ( 0 . 1  M) was  
u s e d  i n  t h e  s t u d i e s  c a r r i e d  o u t  a t  pH 3 and pH 6 .
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APPARATUS FOR THE STUDY OF INTESTINAL
ABSORPTION USING EVERTED GUT SACS
23 gauge needle fitted 
with 2 cm polythene - 
tubing for sampling 
serosal fluid.
Everted gut sac, 4 cm 
long containing 1 ml 
serosal fluid.
10 ml of mucosal 
fluid
TH R EE ^AY TAP SYSTEM USED FOR IK
s x t u H 'T t t .h t i t t a l  a b s o r p t i o n  m e th o d
H. DETERMINATION OF PLASMA LEVELS
Ma l e  r a t s  w e i g h i n g  a p p r o x i m a t e l y  3 5 0  -  4 0 0  g w e r e  
a n a e s t h e t i s e d  w i t h  p e n t a b a r b i t o n e  ( 5 0  m g / K g -  i . p . ) .  A m i d l i n e  
i n c i s i o n  was  made i n  t h e  n e c k  r e g i o n  as  shown i n  F i g  2 . 4 , The  
c a r o t i d  a r t e r y  was  e x p o s e d  by b l u n t  d i s s e c t i o n  and a d h e r i n g  
t i s s u e  r e m o v e d .  The c r a n i a l  end o f  t h e  e x p o s e d  a r t e r y  was  t i e d  
o f f  by l i g a t u r e  and an a r t e r y  c l i p  a p p l i e d  t o  t h e  end l e a d i n g  
t o  t h e  h e a r t .  A s m a l l  i n c i s i o n  i n  t h e  a r t e r y  was  t h e n  made and . 
a 4 cm l e n g t h  o f  P o r t e x  t u b i n g  (pp 2 5)  ( P o r t e x  L t d . ,  H y t h e ,  K e n t )
was i n t r o d u c e d  and s e c u r e d  by l i g a t u r e .  . T h i s  l e n g t h  o f
- T  . .c a n n u l a t i o n  t u b i n g  was  a l w a y s  k e p t  f u l l ^ a  h e p a a n  0 . 9% s a l i n e
s o l u t i o n  ( 1 , 0 0 0  u n i t s / m l - ;  Evans  M e d i c a l  L t d ,  L i v e r p o o l )  e x c e p t  
when s a m p l i n g  ( s e e  F i g  2 . 4 ) .
A d m i n i s t r a t i o n  o f  i n t r a v e n o u s  d o s e s  o f  c a r b a m a t e  w e r e  made  
e i t h e r  i n t o  t h e  j u g u l a r  o r  h e p a t i c  p o r t a l  v i e n  by means  o f  a 
25 G B u t t e r f l y  P e d i a t r i c  s e t  ( A b b o t  L a b s ,  Q u e e n b o r o u g h , K e n t ) .
The n e e d l e  was  s e c u r e d  by means  o f  a t i s s u e  a d h e s i v e  ( E a s t m a n  
9 1 0 ,  C i b a  P l a s t i c s  D i v i s i o n ,  C a m b r i d g e )  and t h e  t h r e e - w a y  t a p  
f i t t e d  t o  t h e  f r e e  end o f  t h e  t u b i n g .  T h i s  e n a b l e d  t h e  e n t i r e  
i n f u s i o n  s e t  t o  be  f l u s h e d  w i t h  h e p a j i n i s e d  s a l i n e  f o l l o w i n g  
a d m i n i s t r a t i o n  o f  t h e  r a d i o a c t i v e  d o s e .  I n t r a d u o d e n a l  d o s i n g  
was  c a r r i e d  o u t  u s i n g  a 24 G n e e d l e  p u n c t u r i n g  t h e  i n t e s t i n a l  
w a l l  and i n j e c t i n g  d i r e c t l y  i n t o  t h e  l u m e n .  The n e e d l e  h o l e  was '  
s e a l e d  w i t h  t i s s u e  a d h e s i v e  t o  p r e v e n t  l e a k a g e .
B l o o d  s a m p l e s  ( 0 . 5  ml )  w e r e  t a k e n  by  r e l e a s i n g  t h e  a r t e r y  
c l i p  a t  a p p r o p r i a t e  t i m e  i n t e r v a l s  f o l l o w i n g  d o s i n g .  P l a s m a  was  
h a r v e s t e d  i m m e d i a t e l y  by c e n t r i f u g a t i o n  a t  600  g (MSE M i n o r ,
MSE, C r a w l e y ,  S u s s e x ) ,  a 50 y l  s a m p l e  p r e p a r e d  f o r  s c i n t i l l a t i o n  
c o u n t i n g  and a 200  y l  s a m p l e  e x t r a c t e d  w i t h  n - h e x a n e .  The  
r a d i o a c t i v i t y  i n  t h e  h e x a n e  e x t r a c t  was  c o u n t e d  and t . 1  . c . 
c a r r i e d  o u t  t o  e n s u r e  t h a t  a l l  o f  t h e  ^ C  was  p a r e n t  c a r b a m a t e .
The e f f i c i e n c y  o f  a d o u b l e  h e x a n e  e x t r a c t i o n  o f  p a r e n t  
c a r b a m a t e  f r om p l a s m a  ( 2 . 1  v o l u m e )  was  f o u n d  t o  b e  (±SD) -  
L a n d r i n  85% ± 1 . 2 ,  C a r b a r y l  75% ± 1 . 7 .
THREE ^AY TAP SYSTEM USED FOR IN 
SITU INTESTINAL ABSORPTION METHOD
CAPITULATION OF CAROTID ARTERY
I .  DETERMINATION OF METABOLISM AND EXCRETION PROFILE
The Us e  o f  M e t a b o w l s
R a t s  ( 1 9 0  -  2 1 0  g)  w e r e  p l a c e d  i n  m e t a b o l i s m  c a g e s  ( J e n c o n s  
L t d . ,  Hemmel H e m p s t e a d ,  H e r t s )  d e s i g n e d  f o r  t h e  c o l l e c t i o n  o f  
c a r b o n  d i o x i d e ,  u r i n e  and f a e c e s  ( s e e  F i g  2 . 5 ) .
A d m i n i s t r a t i o n  o f  i n t r a v e n o u s  and i n t r a d u o d e n a l  d o s e  w e r e  
c a r r i e d  o u t  as  d e s c r i b e d  i n  s e c t i o n  H.  I n t r a p e r i t o n e a l  i n j e c t i o n  
w e r e  c a r r i e d  o u t  u s i n g  a 24 G n e e d l e .
l l fC -  c a r b o n  d i o x i d e  was  t r a p p e d  i n  a s o l u t i o n  o f  e t h a n o -  
l a m i n e  and 2 - m e t h o x y e t h a n o l  ( 1 : 2 ) .  A l i q u o t s  o f  t r a p p i n g  f l u i d  
and u r i n e  w e r e  p r e p a r e d  f o r  l i q u i d  s c i n t i l l a t i o n  c o u n t i n g .
F a e c e s . and c a r c a s s e s  w e r e  s o l u b i l i s e d  i n  10 N s o d i u m  h y d r o x i d e  
s o l u t i o n  and a l i q u o t s  c o u n t e d .
C a n n u l a t i o n  o f  B i l e  D u c t s
R a t s  ( 1 9 0  -  2 1 0  g )  w e r e  a n a e s t h e t i s e d  w i t h  p e n t a b a r b i t o n e  
( 5 0  mg/Kg;  i . p . ) .  A m i d l i n e  a b d o m i n a l  i n c i s i o n  was  made and  
t h e  common b i l e  d u c t  l o c a t e d .  A f t e r  r e m o v i n g  t h e  a d h e r i n g  
t i s s u e ,  t h e  d u c t  was  l i g a t u r e d  a t  t h e  d u o d e n a l  e n d ,  a s m a l l  
i n c i s i o n  made and a 30 cm l e n g t h  o f  P o r t e x  pp 25 ( P o r t e x ,  K e n t )  
t u b i n g  was  i n t r o d u c e d  a p p r o x i m a t e l y  2 - 3  mm i n t o  t h e  b i l e  
d u c t  and s e c u r e d  by l i g a t u r e .  The a b d o m i n a l  i n c i s i o n  was  t h e n  
s u t u r e d  and t h e  b i l e  d u c t  c a n n u l a  f e d  t h r o u g h  a s t a b  i n c i s i o n  
i n  t he '  bo d y  w a l l .
A n i m a l s  w e r e  d o s e d  a p p r o x i m a t e l y  30 m i n u t e s  a f t e r  c o m p l e t i o n  
o f  t h e  c a n n u l a t i o n  p r o c e d u r e  and b i l e  was  c o l l e c t e d  a t  
a p p r o p r i a t e  t i m e  i n t e r v a l s  and a l i q u o t s  p r e p a r e d  f o r  s c i n t i l l a t i o  
c o u n t i n g .
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K. REGRESSION ANALYSIS
t •L i n e a r  and q u a d r a t i c  e q u a t i o n s  d e s c r i b i n g  t h e  b e s t  l i n e  
o f  f i t  b e t w e e n  t h e  two v a r i a b l e s  w e r e  f i t t e d  by m e t h o d  o f  
t h e  l e a s t  s q u a r e s .  An ICL 1 9 0 0  c o m p u t e r  was  u s e d  i n  c o n j u n c t i o n  
w i t h  t h e  ICL s t a t i s t i c a l  a n a l y s i s  Mark 2 l i b r a r y  p r o g r a mme .
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.C H A P T E R , THREE
PHYSICO -  CHEMICAL AND BIOLOGICAL 
PROPERTIES OF CARBAMATES
THEIR USES
The d is tr ib u t io n  o f a s o lu te  between two im m iscib le  phases has 
been an im portant su b je c t fo r  experim entation  and study fo r  many years  
(Leo> e t  1971) .  The p o s s ib le  a s so c ia t io n  and d is s o c ia t io n  o f  
s o lu te s  in  the d if f e r e n t  phases i s  o fte n  a vex ing  problem s in c e  to  
o b ta in  a true p a r t it io n  c o e f f i c i e n t  i t  is- n ecessary  to  co n sid er  the 
same sp e c ie s  in  each phase. For th is  reason the m ajority  o f p u b lish ed  
va lu es can only  be regarded as apparent p a r t it io n  c o e f f i c i e n t s .
n-O ctanol and n-heptane are commonly used organ ic so lv e n ts  in  
p a r t it io n in g  s tu d ie s .  Heptane i s  a ty p ic a l  hydrocarbon s o lv e n t  i n .  
which l i t t l e  in te r a c t io n  between s o lu te  and so lv e n t  would be exp ected .
In co n tra st o cta n o l can a c t as a hydrogen-bonding donor and accep tor  
and th ese  p ro p er tie s  make o c ta n o l a more s u ita b le  re feren ce  system  fo r  
a l iv in g  biophase(H ansch and Dunn, 1972) .  In support o f  th is  cla im ,
Hansch has p u b lish ed  numerous examples o f e x c e l le n t  c o r r e la t io n  between  
b io lo g ic a l  a c t iv i t y  and o c ta n o l w ater p a r t it io n  c o e f f i c ie n t s  (Hansch 
and Dunn, 1972; Hansch and C layton, 1973; Hansch, 19 71) .
The fr e e  energy change in vo lved  in  p a r t it io n in g  a m olecule w i l l  
depend on the type o f  m o lecu le ,a s  w e ll  as the p a r t it io n in g  system s used. 
One im portant d r iv in g  fo rce  fo r  p a r t it io n in g  i s  the removal o f a lo o s e ly  
h eld  w ater sheath  which appears to  form around organ ic  compounds in  
aqueous s o lu t io n  (Nemethy, 1967) .  The removal o f th is  sheath  may be 
approxim ately the same fo r  c e r ta in  m olecules in  moving from w ater to  
heptane or o c ta n o l. However, the p o la r  fo rce s  th a t r e s u lt  from d if f e r e n t  
fu n c tio n a l groups make p a r t it io n in g  o f  an amine (fo r  example) in to  heptane  
d if f e r e n t  from that i n t o . o c ta n o l. The amino group o f  the amine has to  
be p u lled  away from i t s  a s so c ia t io n  w ith  w ater m olecules in  order to en ter  
the heptane phase. Thus the p a r t it io n  c o e f f i c ie n t  i s  determ ined by the 
d eso lv a tio n  o f w ater m olecules from the s o lu te  as w e l l  as the energy  
required  to  break any liydrogen bonding or d ip o la r  in te r a c t io n s  between  
s o lu te  and water m o lecu les.
There has been con sid erab le  in crea sed  in t e r e s t  in  p a r t i t io n  co­
e f f i c i e n t s  s in c e  Hansch and coworkers (F u jita  e t  a l , 1964) dem onstrated  
th e ir  use as thermodynamic re feren ce  parameters for  hydrophobic bonding 
in  b ioch em ica l and pharm acological system s. The term hydrophobic bonding
groupings, p a r t ic u la r ly  hydrocarbons,to  adhere tog eth er  m  aqueous 
s o lu t io n .  However there has been controversy  over the expediency o f  
the term hydrophobic bonding (H ildebrand, 1968; Nemethy e t  a l , 1968) 
although the phenomenon has been stu d ied  in  con sid erab le  d e t a i l  (eg -  
Nemethy and Sch elgra , 1962a, b and c ) .
The purpose o f  the work d escrib ed  in  th is  chapter was f i r s t  to 
e s ta b l is h  the p h ysico -ch em ica l p ro p er tie s  (p a r t ic u la r ly  p a r t it io n  
c o e f f i c ie n t s )  o f  a number o f  carbamates and then t e s t  t h e i r ' s u i t a b i l i t y  
as model compounds by in v e s t ig a t in g  th e ir  in te r a c t io n s  w ith  two macro­
m olecules -  bovine serum albumin and h ep a tic  microsomal cytochrome P- 
450. This work was centred  on the use o f  a homologous s e r ie s  o f  
a l ip h a t ic  carbamates which have the d is t in c t  advantage o f  e x h ib it in g  
reg u la r  changes in  p h ysico -ch em ica l p ro p ertie s  as th e ir -c h a in  len g th  
was in c r e a se d . A lso the use o f  a lip h a t ic  compounds m inim ised p o te n t ia l  
problems o f  e le c tr o n ic  or s t e r i c  fa c to r s  which might w e ll  be experienced  
w ith , fo r  example, a number o f  benzene analogues. A fter  having stu d ied  
a homologous s e r ie s  a d d it io n a l fa c to r s  such as s t e r i c  e f f e c t s  were 
in crem en ta lly  in troduced  and th e ir  e f f e c t  a sse ssed  as a s in g le  v a r ia b le .
PHYSICO-CHEMICAL PROPERTIES OF CARBAMATES
A. S t a b i l i t y  in  Aqueous S o lu tio n
The carbamate e s te r s  o f  the a l ip h a t ic  a lc o h o ls  were s ta b le  in  
aqueous s o lu t io n .  GLC assay showed th a t l e s s  than 1% h y d ro ly s is  occurred  
over a pH range o f  1-8 a f t e r  a 48 hour in cu b ation  a t 37°C.
The k in e t i c s  o f  h y d ro ly s is  o f  four N-methyl carbamates (phenyl,
4—ch loroph en yl, 1—n ap hth yl, and 3 ,4 ,5 - tr im eth y l phenyl N-methyl carbamate) 
were determ ined over a range o f  pHs by a method based on the d if fe r e n c e s  
in  UV sp ectra  o f the carbamates and th e ir  parent p h en o ls . A ll four  
carbamates were s ta b le  in  0.1N h yd roch lo r ic  ac id  at 37°C over a p eriod  
o f  th ree  days but e x te n s iv e  h y d ro ly s is  occurred a t a lk a lin e  pHs (7 .4 -  
1 0 ) .  Semi—lo g  p lo t s  o f the fr a c t io n  o f  carbamate rem aining to  be hydro­
ly se d  versu s time were co n stru cted . Pseudo f i r s t  order r a te  con stan ts  
(K*) were d erived  from the s lo p es  o f  th ese  graphs and are l i s t e d  in  
Table 3 .1 .  A p l o t  of  l o g  K1 versus pH was found to be l in e a r  w ith  a 
s lo p e  o f  u n ity , thus e s ta b lis h in g  th a t the dependance o f  h y d r o ly s is  o f  
each  carbamate on pH was f i r s t  ord er. True second order ra te  con stan ts  
CV  were c a lc u la te d  u sin g  the equation
lo g  K1 . = lo g  Kqjj + pH -  pKw
(Brown and F o r is t ,  1972) where Kw i s  the io n ic  product fo r  w ater (pKw 
13.61  a t  37°C) 0 The N-methyl carbamates o f 4—chlorophenol and 1-naphthol 
showed s im ila r  s t a b i l i t i e s  but phenyl and tr im ethylph en yl N-m ethyl car­
bamates were more s ta b le ;  the second order ra te  con stan ts were one order  
o f  magnitude low er.
B. Apparent P a r t it io n  C o e ff ic ie n ts
The n -o c ta n o l/b u ffe r  (pH 7.4)  p a r t it io n  c o e f f i c ie n t s  were determ ined  
a t  37°C. The r e s u lt s  fo r  the homologous s e r ie s  o f  carbamates o f  gen era l 
s tr u c tu r e  R-O-CO-NH  ^ are p resen ted  in  Table 3 . 2 .  The a d d itio n  o f  m ethylene 
groups to the a lco h o l m o iety ' r e s u lte d  in  a regu lar  in c r e a se  in  p a r t i t io n  
c o e f f i c ie n t  as measured by the increm ental con stan ts 7r and 7r* (Hansch, 
1971).
where lo g  P i s  the logarith m  o f the p a r t it io n  c o e f f i c ie n t  and n i s  the 
number o f  carbon atoms in  the a lc o h o l m oiety R. F igure 3 .1  was obtained  
by p lo t t in g  lo g  P a g a in st  n e The l in e  o f  b e s t  f i t  was c a lc u la te d  u sing  
the method o f  l e a s t  squares and the fo llo w in g  r e g r e ss io n  equation  
r e s u lte d  -
Log P = 0 .500  (+ 0 .0025) x -  1 .152  (+ 0 .0013) ... Eq 1
n = 8 r = 0.999 s = 0.0169
where x i s  the number o f  carbon atoms in  the s id e  ch a in , n i s  the number 
o f  data p o in ts  used , r i s  the c o r r e la t io n  c o e f f i c i e n t ,  s i s  the standard  
d e v ia tio n  o f the l in e  and the f ig u r e s  in  p a ren th es is  are the standard  
d e v ia tio n  o f  the c o n sta n ts . The s lo p e  o f  th is  equation  corresponds to  
'the 7T* v a lu es in  Table 2.
There i s  a regu lar in cr ea se  in  the p a r t it io n  c o e f f i c ie n t s  o f the 
carbamate homologues (tt* = 0.-5) which can be c o r r e la te d  w ith  the number 
o f carbon atoms in  the a lco h o l m oiety . In order to e lu c id a te  the r o le
o f  s t e r i c  fa c to r s  in  fcfe=e th is  p r o c e ss , the p a r t it io n  c o e f f i c ie n t s  o f
i s o - b u ty l,  t e r t -b u ty l ,  t e r t -p e n ty l ,  t e r t - h exy l and b en zy l carbamate 
were determ ined (see  Table 3 . 3 ) .  These f ig u r e s  were lower than those  
fo r  th e ir  r e sp e c t iv e  s tr a ig h t  chain  analogues bu^ th e ir  increm ental con­
s ta n ts  in d ic a te d  a regu lar p a tte r n , i t  was d efin ed  as b e fo r e  (w ith  r e sp e c t  
to  methyl carbamate) and tt* r e la t iv e  to the r e sp e c t iv e  s t r a ig h t  chain  
analogue, tt* fo r  a s in g le  branch was found to  be - 0 . 2  and fo r  a double 
branch -  0 . 4 .  Therefore the co n tr ib u tio n  o f branching in  p a r t i t io n  
c o e f f i c ie n t s  can be expressed  r e la t iv e  to  a s t r a ig h t  chain  analogue as 
( ie  -  0 . 4 )  and -  ( i e  -  0 . 8 )  r e s p e c t iv e ly .  A r o m a tie isa tio n
(as shown w ith  b en zy l) g iv e s  a it* o f  -  1 . 1 2  which i s  e q u iv a le n t  to a 
decrease o f  2 .2  carbon atoms i s  a s t r a ig h t  chain  compound. Bearing th ese  
ob serva tion s in  mind a r e g r e ss io n  l in e  can be f i t t e d  to the p a r t i t io n  
c o e f f i c ie n t s  o f a l l  the carbamates o f genera l s tr u c tu r e  R-O-CO-NH2 where 
i s o - b u ty l was awarded a chain  len g th  o f 3 . 6 ,  and s im ila r ly  t e r t - b u ty l  
( 3 . 2 ) ,  t e r t - p e r t y l  ( 4 . 2 ) ,  t e r t - h exy l (5 .2)  and b en zyl ( 4 . 8 ) .
FIG 5 . I. ' ”
THE RELATIONSHIP BETWEEN APPARENT PARTITION COEFFICIENT AND 
NUMBER OF CARBON ATOMS IN R GROUP FOR THE SERIES R-Q-CQ-N H?
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n = 1 3  r = 0.999 s = 0 . 0 4 1 5
j  The above equation  i s  very s im ila r  to  Equation 1 and th ere i s
ho decrease in  the c o r r e la t io n  c o e f f i c ie n t .  T herefore the above tr e a t ­
ment o f the branched chain carbamates appears to  be j u s t i f i e d .
The e f f e c t  of  N -m ethylation  on carbamate p a r t it io n  c o e f f ic ie n t s
i s  shown in  Table 3 .4  (where t t  i s  measured r e la t iv e  to  m ethyl N-methyl
carbam ate). In the case o f  the a l ip h a t ic  compounds t t * i s  0 .6  which i s
somewhat h igh er  than the corresponding va lu e o f  0 .5  fo r  a m ethylene
group d iscu sse d  above. However t t * va lu es fo r  arom atic N-methyl carbamtesA
are id e n t ic a l  w ith  th a t determ ined fo r  the s tr a ig h t  chain  hom ologues.
C. Aqueous S o lu b i l i t i e s
The aqueous s o l u b i l i t i e s  (S) o f  the homologous carbamates decreased  
■regularly w ith  in c r e a s in g  chain le n g th , as shown in  Table 3 .5  (where 
•the increm ental con stan ts 6 and 6 * are analogous to  i t  and t t * )  . F igure  
3 .2  a lso  i l lu s t r a t e s  th is  r e la t io n sh ip  which can be d escr ib ed  by the 
fo llo w in g  r e g r e ss io n  l in e  -
lo g  S = - 0 . 7 5 9  (+ 0 .0 8 2 )* *  2 . 61  ( + 4 . 1 3 )  Eq 3
n = 8 r = 0 . 9 9 6  s = 0.532
As su ggested  from the p a r t it io n  c o e f f ic ie n t  data , the branched  
chain analogues show h igh er aqueous s o lu b i l i t y  than th e ir  s t r a ig h t  chain  
analogues (see  Table 3 . 6 ) .  The co n tr ib u tio n  o f branching to  aqueous s o lu ­
b i l i t i e s  can a ls o  be expressed  r e la t iv e  to the s tr a ig h t  chain  and analogue:
i e  +0.47 for  a s in g le  branch and - - '4 /  i e  +0.83 for  a double branch,0.76  0 . 76
and a ro m a tic isa tio n  i s  eq u iv a le n t to  a decrease in  chain len g th  o f  1 . 7 .
A r e g r e ss io n  l in e  u sin g  a l l  the aqueous s o lu b i l i t y  data where i s o - b u ty l  
was awarded a chain len g th  o f 3 .5  and s im ila r ly  t e r t - b u ty l ( 3 . 2 ) ,  t e r t -  
p e r ty l  ( 4 . 2 ) ,  t e r t - h ex y l (5 .2 )  and b en zy l ( 5 . 3 ) ,  based on the above 
c a lc u la t io n s .
Log S = - 0 . 7 5 8  (+ 0 .0955 ) x + 2.535 (+ 4 . 54)  Eq 4
n = 13 r = 0 . 993  s = 0 .642
The above equation  i s  very s im ila r  to  th a t fo r  the s t r a ig h t  chain  homo­
lo g u es . (Eq 3) and only a sm all decrease in  c o r r e la t io n  c o e f f i c i e n t  
was observed.
-96 -
LO
G 
AQ
UE
OU
S 
SO
LU
BI
LI
TY
 
(m
ol
es
/l
it
re
)
100
0*01
0*001
N . - ( N U M B E R  O F  C A R B O N  A T O M S  IN S I D E  C H A I N )
s t r a ig h t  chain  hom ologues. The b e s t  l in e  o f  f i t  fo r  th is  graph obtained  
by r e g r e sss io n  a n a ly s is  was
Log I /S  = 1.516 (+ 0 .159 ) lo g  P - 0 . 8 6 1  (+ 0 .00253) Eq 5
n 8 r = 0.996 s = 0 . 518
When the data fo r  the branched chain carbamates was in c lu d ed  Eq 6 was 
ob ta in ed .
Log 1/S = 1 .504 (+ 0 . 238)  Log P - 0 . 7 5 1  ( -  0 .00332) Eq 6
n 13 r 0. 990 s 0 . 797
A gain, the in c lu s io n  o f  the branched chain compounds f i t s  the same 
eq u ation  fo r  the s tr a ig h t  chain hom ologues.
D. In corp oration  o f  Carbamates in to  Tween 80 M ic e lle s
In view o f  the low aqueous s o l u b i l i t i e s  o f the lon ger chain  carbamate 
homologues i t  was a n t ic ip a te d  that a s o lu b i l i s in g  agent would be n ecessary  
to  ach ieve the required  carbamate con cen tra tion  fo r  c e r ta in  s tu d ie s .  In 
order to e lu c id a te  p o s s ib le  "trapping" e f f e c t s  of  u sin g  a Tween 80 s o lu t io n ,  
the d is tr ib u t io n  o f  the s t r a ig h t  chain homologues between the n o n io n ic  
d eterg en t m ic e lle s  and the surrounding aqueous medium were determ ined  
us.ing the u l t r a f i l t r a t io n  method. The con cen tration  o f  Tween 80 was 5% 
(38m M) which was w e ll  above the c r i t i c a l  m ic e lle  co n cen tra tio n  reported  
by C houlis and Loh (1971) .  No s ig n if ic a n t  b in d in g  to  the d ia ly s i s  bag 
was observed and the con cen tration  o f carbamate in  the u l t r a f i l t r a t e  was 
assumed to  rep resen t the percentage o f  the 10m M carbamate s o lu t io n  n ot  
in corporated  in to  Tween 80 m ic e lle s  (see  Table 3 . 7 ) .  This was confirm ed  
by assay o f the f in a l  con ten ts o f  the d ia ly s i s  bag. No in co rp o ra tio n  
in to  m ic e lle s  was observed a t chain len g th s Cj -  C3 b u t a sharp ex p o n en tia l 
drop in  the percentage o f  fr e e  carbamate was observed fo r  -  Cq, as 
shown in  F igure 3 . 4 .
Ei Formation o f  Carbamate M ic e lle s
L ight s c a t te r in g  p r o p er tie s  o f  aqueous carbamate s o lu t io n s  were  
examined u sin g  the sp e c tr o flu o  rime te r  as a nephalom eter and showed no 
in d ic a t io n  th a t carbamate -  m ic e lle s  were formed in  aqueous s o lu t io n .
The experim ents were ca rr ied  out in  the absence o f  Tween 80. The l in e a r
r e la t io n s h ip  between aqueous s o lu b i l i t y  and carbamate chain  len g th
described  in  Equation 3 confirmed th ese  f in d in g s .
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Examination o f the IR sp ec tra  o f carbamates o f gen era l s tru c tu re  
R-O-CO-NH2 and R-O-CO-NHCH3 (C hittenden, 1973, p erson a l communication) 
showed th a t N -m ethylation  a f fe c te d  the N -H .stre tch in g  v ib r a t io n s . The 
reg ion  o f  N-H s tr e tc h in g  s h if t e d  to  a h igh er wavenumber fo llo w in g  N- 
m eth ylation  and th is  could be a ttr ib u te d  to a s tro n g er  H bonding  
c a p a c ity . NMR s tu d ie s  have shown th a t amide m olecu les can a s so c ia te  w ith  
each o th er and w ith  so lv e n t  m olecules by means o f H bonding (La P lanche, 
e t  a l ,  1965) .
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THE INTERACTION OF CARBAMATES WITH BOVINE
SERUM ALBUMIN
The in te r a c t io n  o f  n eu tra l m olecules w ith  bovine serum albumin 
(BSA) i s  thought to  be due to hydrophobic bonding and good c o r r e la t io n s  
between the ex ten t o f  b in d in g  o f th ese  compounds and th e ir  p a r t it io n  
c o e f f ic ie n t s  have been reported  (Hansch, e t  a l , 1965; Helmer, e t  a l ,
1968) . In order to examine th is  phenomenon, the b in d in g  o f s ix  s t r a ig h t  
chain  carbamates (C -  C$) and f iv e  branched chain carbam ates, o f  general 
s tru c tu re  R-0-C0-NH2 /were s tu d ied  u sin g  an u l t r a f i l t r a t io n  tech n iq u e.
The low aqueous s o lu b i l i t y  o f n -h ep ty l and n -o c ty l  carbamate prevented  
the determ ination  o f  the b ind ing c h a r a c te r is t ic s  o f  th ese  two compounds.
No s ig n if ic a n t  b in d in g  o f  any o f  the carbamates to the d ia ly s i s  
bag was observed and the con cen tration  o f carbamate in  the u l t r a f i l t r a t e  
was taken as a measure o f  unbound carbamate. The percentage bound 
carbamate was dependent on the i n i t i a l  con cen tration  of carbamate 
in  the d ia ly s i s  bag. F igu re 3 .5  i l lu s t r a t e s  the e f f e c t  o f  i n i t i a l  con­
cen tra tio n  on the b in d in g  o f th ree carbamates ( e th y l,  n -b u ty l and n -  
hexy l carbam ate). The h ig h e s t  percentage bound f ig u r e s  occurred u sin g  
lm M so lu t io n s  (the low est con cen tration  s tu d ied ) and th ese  v a lu e s , which  
ranged from 5 . 47  to 64 . 33 ,  are l i s t e d  in  Table 3 . 8 .
The b in d in g  con stan ts fo r  the in te r a c t io n  were determ ined by means 
o f  the Scatchard (1949) equation  fo r  the law o f mass a c t io n .
= kn -  kr
where r i s  the molar r a t io  o f  bound carbamate to albumin, Df i s  the molar 
con cen tration  o f  fr e e  carbamate, k i s  the apparent a s s o c ia t io n  co n sta n t  
fo r  the in te r a c t io n , and n i s  the average number o f  b in d in g  s i t e s  on the
• ITalbumin m olecu le . For each carbamate s tu d ied  r and ■=-?* were c a lc u la te dDf
and a ty p ic a l Scatchard p lo t' ( fo r  n -propyl carbamate) i s  shown in  F igure  
3.6A. The s tr a ig h t  l in e  in d ic a te s  one c la s s  o f  b in d in g  s i t e s  (Meyer and 
Guttman, 1968) and n and nk va lu es are ob ta ined  by e x tr a p o la tio n  d f the  
l in e  to the a b sc issa 'a n d  o rd in a te , r e s p e c t iv e ly .
F igure 3.6B shows the Scatchard p l o t  fo r  n -h exy l carbamate where 
the curvature i s  in d ic ta t iv e  o f  more than one c la s s  o f  b in d in g  s i t e  
(Meyer and Guttman, 1968) .  In th is  graph n^ and k r e fe r  to the h igh er  
a f f in i t y  b ind ing s i t e  ( i n i t i a l  s lo p e )  and n2 and k2 to  the low er a f f i n i t y
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b in d in g  s it e *  Values fo r  n and k can again  be obtained  by e x tr a p o la tio n ,  
but because o f  the in f lu e n c e  o f  one c la s s  o f  b ind ing s i t e  on the o th er , 
the in te r c e p t  fo r  the s te e p e r  s lo p e  on the ord in ate  w i l l  be equal to  
nj + n2 k 2 . S im ila r ly  the in te r c e p t  on the a b sc is sa  w i l l  equal
H ]. The va lu es  n^ and n 2 k 2 were obtained  d ir e c t ly  from the  
in te r c e p t  v a lu es o f the le s s e r  s lo p e . Table 3 .8  shows the v a lu es  obtained  
fo r  n and k fo r  each carbamate s tu d ied  a t  37°C.
Table 3 .9  p resen ts  the b in d in g  data obtained  fo r  e t h y l ,  n -b u ty l,  
n -p ejity l and n -h ex y l carbamate a t 10°C. In a l l  cases h igh er  % bound 
f ig u r e s  and correspond ingly  h igh er a s so c ia t io n  con stan ts were ob tained  
at th is  temperature than a t 37°C. A Scatchard p l o t  fo r  n -p e n ty l carbamate 
showed two c la s s e s  o f  b ind ing s i t e s  a t  10°C whereas on ly  one c la s s  was 
ev id e n t a t  37°C.
From the k va lu es  l i s t e d  in  Tables 3 .8  and 3 . 9 ,  the thermodynamic 
param ete3s(K lotz, 1953; M artin, 1960) were . c a lc u la t e d -
a. AG = RTlnk .
where AG i s  the fr e e  energy change, R the gas co n sta n t, and T the a b so lu te  
tem perature.
1 - l ~
T TB -A
where AH i s  the enthalpy change and k and k the b in d in g  co n sta n ts  a t
A 13
tem peratures T  ^ and Tg .
c . AG .= AH -  TAS 
where AS i s  th e  entropy change.
The va lu es ob ta ined  fo r  AG, AH and AS are p resen ted  in  Table 3 .1 0 . AG 
and AS tended to  in c r e a se  w ith  chain  len g th  from - 3 . 1 2  to - 5 . 2 4  and +9.82  
to + 18 .81 , r e s p e c t iv e ly .  AH fig u r e s  were sm all and showed both n e g a tiv e  
and p o s it iv e  s ig n s .
A l in e a r  r e la t io n s h ip  between the percentage carbamate bound by BSA 
(u sin g  a lm M s o lu t io n )  and p a r t it io n  c o e f f i c ie n t  i s  i l lu s t r a t e d  in  
Figure 3 . 7 .  A r eg r ess io n  l in e  was c a lc u la te d  by the method o f  l e a s t  
squares -
b. In k AH
R
Log % Bound = 0 .400  (jf 0 . 1 1 8 ) log  P + 1.081 (jf 0 . 122)  Eq 7
n = 9 r = 0.959 s = 0 . 273
A s im ila r  but le s s  d efin ed  r e la t io n s h ip  i s  shown in  F igure 3 .8  where the
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p a r t i t io n  c o e f f i c ie n t .  The l in e  jo in in g  p rop y l, n -b u ty l ,  n -p en ty l and 
;n -hexyl carbamate in  F igure 3 .8  was drawn by ey e . t-B u ty l and benzyli
carbamate f i t  th is  l in e  w e ll  but i - b u t y l ,  t -p e n ty l and t -h e x y l do n o t.
A lso  methyl and e th y l carbamate show much h igh er a s so c ia t io n  con stants  
than expected  from th e ir  p a r t it io n  c o e f f i c ie n t s .
No in v e s t ig a t io n s  in to  the b in d in g  c h a r a c te r is t ic s  o f the arom atic  
N-methyl carbamates to BSA were ca rr ied  out s in c e  i t  was found th at the 
presence o f  th is  macromolecule promoted the in s t a b i l i t y  o f  th ese  compounds. 
The pseudo f i r s t  order h y d ro ly s is  con stan ts p resen ted  in  Table 3 .11 and 
Figure 3 .9  show th is  phenomenon was dependent upon the percentage BSA 
p resen t but appeared to show l i t t l e  su b stra te  s p e c i f i c i t y .  The nature 
o f  th is  in te r a c t io n  was not examined fu r th er .
- 108-
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BS
A
THE INTEKAUTJLUN UF CARBAMATES WITH
CYTOCHROME P-450
The a d d itio n  o f  su b stra te  to a p rep aration  o f h e p a tic  microsomes 
i s  known to  r e s u lt  in  a change in  the absorption  spectrum  o f  the s o lu t io n .  
This i s  b e lie v e d  to  be due to  the form ation o f  a su b stra te -P -4 5 0  complex 
(see  Chapter 1, s e c t io n  D ) .  In order to  study the in te r a c t io n  o f car­
bamates w ith  male r a t  h e p a tic  microsomes d iffe r e n c e  sp ec tra  were recorded  
by means o f  a dual beam spectrophotom eter.
To f a c i l i t a t e  the s p e c tr a l s tu d ie s ,  l iv e r  microsomes from pheno- 
b a r b ito n e -tr e a te d  r a ts  were employed to  in crea se  the co n cen tra tio n  o f  
cytochrome P-450 in  the microsomes (E m ster  and O rrenius. 1965) and thereby  
a lso  the magnitude o f  the su bstra te-p rod u ced  Type I s p e c tr a l  change 
(Remmer, e t  a l , 1968). No q u a l i ta t iv e  changes in  the b in d in g  sp e c tr a  o f  
the su b stra te  s tu d ied  or in  th e ir  b in d in g  a f f i n i t i e s  w ere noted  
(Re';nnnerr. e t  a l , 1968) as judged from the s p e c tr a lly  determ ined d is s o c ia t io n  
cons ta n ts .
M ethyl, e th y l and n -propyl carbamate were found not to  b ind  to  the  
microsomal p rep ara tion . However, carbamates w ith  lon ger  chain  len g th s  
o f  C^-Cjo produced a Type I s p e c tr a l  change. This s p e c tr a l change i s  
ch a ra cter ised  by an absorption  maximum in  the 385-390 nm reg io n  and a 
minimum in  the 420 nm region  o f the microsomal d iffe r e n c e  spectrum  
(Schenkman, e t  a l , 1967). The magnitude o f  th is  s p e c tr a l change (b e lie v e d  
to be due to  the form ation o f a substrate-cytochrom e P-450 complex) was 
in creased  by adding more carbamate. Figure 3 .10  shows the d if fe r e n c e  
sp ec tra  caused by a d d itio n  o f n -d ecy l carbamate a t s e v e r a l c o n c e n tr a tio n s .
The b ind ing a f f i n i t i e s  (d is s o c ia t io n  co n sta n ts) o f  each carbamate 
were determ ined by means o f Lineweaver-Burke p lo ts  o f  l/A E420-500 nm a g a in st  
1 /S u b stra te  co n cen tra tio n . T yp ica l p lo t s  are shown in  F igure 3 .11  fo r  
n -b u ty l, n -p en ty l and n -h exy l carbamate. The in te r c e p t  v a lu e  o f  the 
a b sc is s a  gave the kg (d is s o c ia t io n  con stan t) and the o rd in a te  in te r c e p t
the AE (a measure o f  the maximum complex form ation ). The v a lu es  o fmax -r
th ese  two parameters are l i s t e d  in  Table 3 .12  fo r  the homologues n -b u ty l 
to  n -d ecy l carbamate and te r t -p e n ty l ,  t e r t - h exy l and b en zy l carbam ate.
In  F igure 3 .12  the kg fo r  each carbamate i s  p lo t te d  a g a in s t  p a r t i t io n  
c o e f f i c ie n t .  A regu lar  decrease in  kg (higher a f f in i t y )  i s  observed  w ith  
an in c r e a se  in  chain le n g th . A r e g r e ss io n  l in e  f i t t e d  by method o f the 
l e a s t  squares to  the data fo r  the s tr a ig h t  chain homologues gave the 
equation  -
FIG 3 . 1 0  T H E  D I F F E R E N C E  S P E C T R A  F O R  n~ D E C Y L
C A R B A M A T E  AT VARIOUS C O N C E N T R A T I O N S  IN RAT
HEPATIC M I C R O S O M E S
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lo g  ks -0 .6 0 6  (+ 0 .1 2 2 ) lo g  P + 2 .736 (+ 0 .2 9 2 ) Eq 8
n = 6 r = 0 .987 s = 0 .294
When the data fo r  the two t e r t ia r y  branched carbamates and b en zy l carbamate 
was in c lu d ed , the equation  became -
The maximal sp e c tr a l changes a lso  showed a progressive in cr ea se  w ith  
l ip o p h il ic ity ^ a lth o u g h  the range was not co n sid era b le , the lo w est b e in g  
0 .0312  fo r  t e r t - p en ty l carbamate and the h ig h e s t  fo r  n -d e c y l carbamate 
0 .0 6 4 5 .
D ifferen ce  sp ec tra  fo r  the in te r a c t io n  o f dodecyl, tetradecyl and hexadecyl 
carbamate w ith  h e p a tic  microsomes were a lso  measured. However as shown 
in  F igure 3 .13  th ese  compounds did not g iv e  ty p ic a l Type I or I I  d if fe r e n c e  
sp e c tr a . No trough was observed and the peaks showed a p r o g r e ss iv e  s h i f t  
from 390 to  420 nm. No kg v a lu es  were c a lc u la te d  because o f  th is  a ty p ic a l  
behaviour. The reason fo r  th ese  unusual sp ec tra  i s  unknown. A d e te r g e n t-  
l ik e  e f f e c t  may ex p la in  th is  phenomenon s in c e  the Ci2 ” Cjg carbamates 
are extrem ely l ip o p h i l ic  (p a r t it io n  c o e f f ic ie n t s  > 1 0 ,0 0 0 ). However no 
conversion  o f P-450 to  P-420 by th ese  compounds was e v id e n t s in c e  no sp ec tra  
were ob tained  u sing reduced microsomes bubbled w ith  carbon monoxide.
lo g  kg = -0 .6 0 8  (+ 0 . 1 6 9 )lo g  P + 2 .751 (+ 0 .3 5 1 )
n = 9 r  = 0 .971  s = 0 .4 7 4
Eq 9
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D iffe r e n c e s  in  the s t a b i l i t y  o f arom atic and a l ip h a t ic  carbamates 
are w e ll  known and D it t e r t  and H iguchi (1963) have dem onstrated th a t  
two d is t in c t  mechanisms e x i s t  fo r  the a lk a lin e  h y d ro ly s is  o f th ese  carbam ates. 
S evera l in v e s t ig a to r s  (D it te r t  and H iguchi, 1963; Brown and F o r is t ,  1972) 
have shown th ese  re a c tio n s  to  be f i r s t  order w ith  r e sp e c t  to hydroxyl 
ion s and e s t e r .  In agreement w ith  the above, a l l  the a l ip h a t ic  carbamates 
used were found to  be s ta b le  in  aqueous s o lu t io n  (pH 1 -8 ) over a p eriod  
o f  two days. The arom atic carbamates s ta b le  in  acid  media } showed 
in c r e a s in g  i n s t a b i l i t y  as the pH o f  the aqueous so lu t io n  was in crea sed  
from 7 .4  to 10 . In agreement w ith  p rev ious workers (Kolbezen e t  a l ,
1954; O’Brien e t  a l , 1966) the K o f  phenyl N-methyl carbamate was in ­
creased  by the in tro d u ctio n  o f an e le c t r o p h i l i c  r in g  su b s t itu e n t  ( ie  
4 -ch lo ro  group) and the in crea se  in  arom atic ity  o f the naphthyl group.
The in tro d u ctio n  o f  three methyl groups onto the p h en o lic  r in g  d id  n ot
r e s u lt  in  the expected  s t a b i l i s i n g  e f f e c t  and the K in crea sed  by a
UtL
fa c to r  o f  th ree . The observed K va lu es reported  h ere are in  keep ingUii
w ith  p rev io u s ly  p u b lish ed  r e s u lt s  (K olbezen, e t  a l ,  1954; D it t e r t  and 
H iguchi, 1963; O’Brien e t  a l , 1966).
The p h ysico -ch em ica l p r o p er tie s  o f  the homologous carbamate s e r ie s  
demonstrated the s u i t a b i l i t y  o f  th ese  compounds for  stu d in g  the im portance 
o f  l i p o p h i l i c i t y  and hydrophobic bonding in  b io lo g ic a l  system s. No com­
p l ic a t in g  fa c to r s  such as e le c tr o n ic  or in tram olecu lar  in te r a c t io n s  were 
expected  which would in te r fe r e w ith  the use o f  th ese  homologues as model 
compounds. The so lv a t io n  p rocess was regu lar  w ith  no in d ic a t io n  o f  
carbamate-micelle form ation by the lon ger chain  compounds.
A regu lar  in crea se  in  l i p o p h i l i c i t y ,  as measured by the o c ta n o l  
b u ffe r  p a r t it io n  c o e f f i c i e n t ,  was observed throughout the s e r ie s  o f  the  
carbamate homologues. The increm ental con stan t fo r  the a d d itio n  o f  a 
m ethylene group was found to  be 0 .5 .  S im ilar  va lu es were determ ined fo r  
N -m ethylation  o f  a lip h a t ic  and arom atic carbam ates. This in crem en ta l 
con stant was reduced to 0 .4  and 0 . 2  r e s p e c t iv e ly  when primary and secondary  
branching occurred. An arom atic r in g  was found to  p o sse ss  approxim ately  
the same l i p o p h i l i c i t y  as a n -b u ty l group. A ll th ese  v a lu es are in  agree­
ment w ith  the p r in c ip le s  o f Hansch (1971) fo r  s u b s t itu e n t  a n a ly s is  u s in g  
p a r t it io n  c o e f f i c ie n t s .
A ccording to the work o f  Saracco and M archetti (1958) aqueous s o lu ­
b i l i t y  data can be trea ted  in  a manner analogous to the Hansch treatm ent
V-/ JU jv VI*. UJ- UA.V/** V,VV«J. J.XWJVV.** vu • **u V/VV1 * VJ v— u v WA.4L u jr v^viu^ / OJ.JLllg UV|UaLX\JUO J
and 4 fo r  lo g  S and Equations 1 and 2 fo r  lo g  P th is  approach would appear 
to  be v a l id .  Further endorsement o f th ese  p r in c ip le s  can be seen  in  
Equations 5 and 6 which dem onstrate l in e a r  r e la t io n sh ip  between lo g  1/S and 
lo g  P. A s im ila r  equation  has been reported  by Hansch (1968) r e la t in g  
the molar . aqueous s o lu b i l i t y  o f 140 organ ic liq u id s  w ith  th e ir  p a r t i t io n  
c o e f f i c i e n t s .
The in co rp o ra tio n  o f  the carbamatehomologues in to  Tween 80 m ic e lle s  
a lso  shows a regu lar  p a ttern  and th is  in form ation  w i l l  be o f  v a lu e  in  
e lu c id a t in g  the e f f e c t  o f th is  d eterg en t when i t s  use i s  n ecessa ry  as a 
s o lu b i l i t y  agen t.
The in te r a c t io n  o f the carbamate homologues w ith  two b io lo g ic a l ly
im portant m acrom olecules -  serum albumin and cytochrome P-450 -  . has been
. . . . .s tu d ie d . The r e s u lt s  in d ic a te  th a t the in te r a c t io n  o f carbmates with.A
p u r if ie d  bovine serum albumin and a crude h e p a tic  microsomal p rep a ra tio n  
i s  p r im arily  due to hydrophobic bonding.
Equation 7 shows an e x c e l le n t  c o r r e la t io n  between the p ercen tage
carbamate bound (u sin g  a lm M so lu t io n )  to  BSA and lo g  P. However th ere
would appear to be no c le a r  cu t l in e a r  r e la t io n sh ip  between l i p o p h i l i c i t y
and the a s so c ia t io n  con stants fo r  th is  in te r a c t io n . I t  i s  o f  in t e r e s t
th at Hansch (1971) has a lso  reported  good lin e a r  c o r r e la t io n s  betw een lo g
P and the con cen tra tion  o f numerous drugs n ecessary  to produce a 1:1
complex w ith  BSA. The r e la t io n sh ip  a ls o  holds fo r  a 1:2 and 1:3  complex
but f a i l s  a t 1 :4 . In the l i g h t  o f  th ese  fin d in g s  perhaps i t  i s  n o t s u r -
*p r is in g  th a t the carbamate a s so c ia t io n  con stan ts determ ined by Scatchard  
p lo t s  over a r range (moles o f  carbamate per mole o f  BSA) o f  up to  8 , 
do n o t show a w e ll  d efin ed  l in e a r  r e la t io n s h ip  w ith  lo g  P. I f  the branched  
carbamates are considered  se p a r a te ly  then the p ic tu r e  i s  c le a r e r ;  homo­
logues carbamates w ith  chain len g th s between C3 -  C0 p o sse ss  a s s o c ia t io n  
con stan ts which p r o g r e ss iv e ly  in cr ea se  w ith  lo g  P. Methyl and e th y l  
carbamate do n o t f i t  th is  r e la t io n s h ip  as the n va lu es  are anom alously  
low in  comparison to the o th er carbam ates. However i t  should  be noted  
th a t the b ind ing o f  methyl and e th y l carbamate are maximal a t  5% and 11% 
and a t  th ese  low degrees o f  b ind ing the s e n s i t i v i t y  o f  the u l t r a f i l t r a t i o n  
method l im its  the accuracy w ith  which th is  data could  be determ ined. 
Although the Scatchard p lo ts  fo r  th ese  carbamates appeared to be l in e a r  
showing only  one c la s s  o f  b in d in g  s i t e ,  i t  i s  p o s s ib le  th a t the low n v a lu e  
r e p r e s e n t s  another c la s s  o f b in d in g  s i t e  not d e te c ta b le  fo r  the h ig h er  
carbamates a t the con cen tration s used. -
-1 1 7 -
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l ip o p h i l ic .  The b in d in g  and p a r t it io n in g  p ro p er tie s  o f the compound f i t  
jEquation 7 and a lso  agrees with. the data c o r r e la t in g  the a s so c ia t io n  con­
s ta n ts  o f C3 -  C6 carbamates w ith  lo g  P. However the b in d in g  c h a r a c te r is t ic s  
fo r  the branched chain a l ip h a t ic  carbamates are not e a s i l y  ex p la in e d . 
A lthough the % b ind ing o f th ese  compounds can be c o r r e la te d  w ith  th e ir  
p a r t it io n  c o e f f i c ie n t  by the use o f  Equation 7, th e  a s s o c ia t io n  con stan ts  
show no d e f in i t e  r e la t io n s h ip . T herefore the r o le  o f  s t e r i c  fa cto rs' in  
carbamate b in d in g  to BSA remains unknown.
The apparent a s so c ia t io n  con stants o f  four s tr a ig h t  chain  carbamates 
was determ ined a t 10°C and a t  37°C. In th ree cases ( e th y l,  n -b u ty l and 
n -p e n ty l)  an in c r e a se  in  the a s so c ia t io n  con stan t was observed; n -b u ty l  
carbamate k , showed a sm all d ecrease . The in crea se  in  b in d in g  s tr e n g th  
o f carbamates to BSA a t  low er tem peratures i s  c h a r a c te r is t ic  o f  exotherm ic  
re a c tio n s  (G lasston e , 1958). S im ilar  in cr ea se s  have been dem onstrated  
fo r  p-hydroxybenzoic ac id  e s te r s  (P a te l e t  a l , 1968) and fo r  w arfarin  
( 0 !R e i l ly ,  1967). Values o f  n were a lso  in creased  a t the low er tem perature 
and in  the case o f  n -p en ty l carbamate a second c la s s  o f b in d in g  s i t e  was 
apparent.
Carbamate b in d in g  was accompanied by an in c r e a se  in  entropy which  
i s  in d ic a t iv e  o f  an in c r e a se  in  hydrophobic bonding (Schaphman, 1963).
A p o s i t iv e  entropy change fo r  th is  type o f  in te r a c t io n  has been a scr ib ed  
by Kauzman (1959) and o th ers (Molyneux and Frank, 1961; Frank and Evans,
1945) to  th e'en ergy  change accompanying the d isru p tio n  o f  the " ice-b erg"  
stru c tu re  o f  w ater m olecules around hydrocarbon groups in  aqueous s o lu t io n .
The a b i l i t y  o f albumin to  hyd ro lyse  N-methyl arom atic carbamates 
was F ir s t  noted  by Casida and A ugustinsson (1959). The s tu d ie s  p resen ted  
h ere show th is  phenomenon i s  dependent on BSA co n cen tra tio n . The hydro­
l y s i s  o f  the th ree carbamates s tu d ied  were a c c e le r a te d  by the same degree  
in  the presence o f  the albumin and no r e la t io n sh ip  was observed w ith  
p a r t it io n  c o e f f i c ie n t  or second order h y d ro ly s is  r a te s .
The environment fo r  carbamate in te r a c t io n  w ith in  a m icrosom al p re­
p ara tio n  i s  very  d if f e r e n t  from th a t o f  a'BSA s o lu t io n .  The p r in c ip le  
macromolecules a v a ila b le  fo r  b in d in g  are l ip o id a l  in  nature and in  view  
o f  the a c tio n  o f  phospholipase in  d estro y in g  Type I su b stra te -P -4 5 0  complex# 
(Chaplin and M annering,1970) i t  i s  probable th a t p h osp h o lip id s are the  
b in d in g  s i t e s  fo r  such in te r a c t io n s .  This concept i s  c o n s is te n t  w ith  the  
carbamate cytochrome P-450 b ind ing data. As the p a r t it io n  c o e f f i c i e n t  
o f  the carbamate in crea ses  the su b stra te  b in d in g  becomes t ig h t e r ,  as
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measured by a decrease in  kg and an in crea se  in  the maximal s p e c tr a l  
change.
W ithin the s e r ie s  o f  carbamates s tu d ie d , s t e r i c  e f f e c t s  appear not 
to h inder complex form ation s in c e  Equations 8 (fo r  s t r a ig h t  chain  homo- : 
logu es) and 9 (fo r  s t r a ig h t  and branched chain  carbamates) are very  
s im ila r . However a sm all decrease it t  the c o r r e la t io n  c o e f f i c i e n t  was 
observed fo r  Equation 9 . This i s  in  c o n S t r a s t t o  the a f f i n i t y  con stan ts  
o f the same compounds fo r  BSA, where branching r e su lte d  in  a decrease in  
bin d in g  s tren g th . However as o u tlin e d  p rev io u s ly  the BSA in te r a c t io n s  
are com plicated  by the exjf^ istance o f  d if f e r e n t  c la s s e s  o f b in d in g  s i t e .
The e x c e l le n t  l in e a r  c o r r e la t io n  between kg and p a r t it io n  c o e f f ie n t  
in d ic a te s  th a t on ly  one c la s s  o f b in d in g  s i t e  i s  in v o lv ed  in  th e  carbamate 
in te r a c t io n .
The s lo p e s  o f  Equations 8 and 9 are very s im ila r  to th a t noted  fo r  
a number o f  benzene, cyclohexane and b iphenyl analogues (Al G ailany,
1973, p erson a l communication) confirm ing th a t Type I in te r a c t io n s  o f  
drugs w ith  h e p a tic  microsomes i s  a n o n -s p e c if ic  p rocess where l i p o p h i l i c i t y  
i s  predominant in  determ ining the s tren g th  o f b in d in g . This i s  in  c o n s tr a s t  
to  the recen t work o f Jansson e t  a l , 1973) who reported  a poor c o r r e la t io n  
between the kg fo r  16 b a rb itu ra te s  and t h e ir  p a r t it io n  c o e f f i c i e n t s .  I f  
the data had been trea ted  d if f e r e n t ly  and lo g  kg and lo g  P had been  
used the c o r r e la t io n  would have been improved. However the b a r b itu r a te s  
s tu d ied  v a r ied  con sid erab ly  in  the m olecular volume o f  th e ir  s u b s t itu e n t  
grouping and i t  i s  h ig h ly  l i k e ly ,  in  view  o f  o th er  in  v i t r o  m etabolism  
s tu d ie s  (see  Chapter 1, s e c t io n  D ) ,  th a t the in tr o d u c tio n  o f  a s t e r i c  
c o r r e c tio n  fa c to r  i s  n ecessa ry .
. SUMMARY
The s u i t a b i l i t y  o f  th e  carbamate s e r ie s  fo r  determ ing the im portance 
o f l i p o p h i l i c i t y  has been te s te d  by stu d y in g  the in te r a c t io n  o f  th ese  
compounds w ith  plasma albumin and the h ep a tic  m icrosom al cytochrome P -450 . 
Both o f th ese  b io lo g ic a l  phenomena can be in te r p r e te d  in  terms o f  hydro- 
phobic bonding u sing  the o c ta n o l/b u ffe r  re feren ce  system .
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" TABLE 3 . 2
PARTITION COEFFICIENTSa FOR STRAIGHT CHAIN CARBAMATES
WITH GENERAL STRUCTURE R-Q-CQ-NH?
R Group P a r t i t i o n C o e f f i c i e n t b7T * cTT •
M e t h y l 0 . 2 2 0 0
E t h y l 0 . 7 0 0 . 5 0 0 . 5 0
n - P r o p y l 2 . 3 1 . 0 2 0 . 5 2
n - B u t y 1 7 . 1 1 . 5 1 0 . 4 9
n - P e n t y l 22 . 5 2 . 0 1 0 . 5 0
n - H e x y l 70 . 8 2 . 5 1 0 . 5 0
n - H e p t y l 230 3 . 0 1 0 . 5  0
n . O c t y 1 700 3 . 5 1 0 . 5 0
a .  A p p a r e n t  p a r t i t i o n  c o e f f i c i e n t  d e t e r m i n e d  u s i n g
n ~ o c t a n o l  and 0 . 1M p h o s p h a t e  b u f f e r  CpH7.4)  a t  3 7 ° C .
b .  it d e r i v e d  f rom ( l o g  PR = c 2  _  C q  7  l o S  P R  =
c .  i t *  d e r i v e d  f r om ( l o g  P-  -  l o g  P„ •, )K K I
TABLE 3 . 3
PARTITION COEFFICIENTS5 FOR BRANCHED CHAIN
CARBAMATES WITH GENERAL STRUCTURE R-Q-CQ-NH?
R Group P a r t i t i o n  C o e f f i c i e n t b7T * cTT
i s o - B u t v l 4 . 5 • 1 . 3 1
O01
t e r t - B u t y 1 3 . 0 1 . 1 3 - 0 . 3 7
t e r t - P e n t y l 8 . 7 1 . 6 0 - 0 . 4 1
t e r t - H e x v l 28 2 . 1 1 i o O
B e n z y l 17 1 . 8 9 - 1 . 1 2
P h e n y l ^ 5 . 4 1 . 3 9 - 1  . 1 2
a .  A p p a r e n t  p a r t i t i o n  c o e f f i c i e n t  d e t e r m i n e d  u s i n g  
n ^ o c t a n o l  and 0 . 1M p h o s p h a t e  b u f f e r  ( p H 7 . 4 )  a t  3 7 ° C . .
b .  tt d e r i v e d  f r om ( l o g  P _ -  l o g  P_, n )K — L. 2 “  ^8 K — L* j
c .  u* d e r i v e d  f ro m ( l o g  P -  l o g  P i )  w h e r e  R1 i s . t h eK K
r e s p e c t i v e  s t r a i g h t  c h a i n  a n a l o g u e .
d.  T h e o r e t i c a l  v a l u e s  c a l c u l a t e d  f rom ( l o g  P„ . -  0 . 5 ) .G B e n z y l
- 1 2 2 -
TABLE 3 . 4
j PARTI TI ON - C O E F F I C I E N T S *  FOR K-METHYL CARBAMATES
WITH GENERAL STRUCTURE R - Q - C Q - N ( CHg ) R 1 .
R Group R1 Group P a r t i t i o n  C o e f f i c i e n t bIT * cIT
M e t h y l H 0 . 8 8 0 0 . 60
n - P r o p y l H 8 . 9 1 . 0 0 0 . 5 9
n - P e n t y l H 91 2 . 0 0 0 . 6 1
P h e n y l H 1 7 . 4 1 ; 30 0 . 5 1
P h e n y l M e t h y l 4 8 . 9 1 . 7 4 0 . 9 6
N a p h t h y 1 H 230 2 . 4  2
3 , 4 , 5 -
T r i m e t h y l
p h e n y l H 4 60 2 . 7 1
a .  A p p a r e n t  p a r t i t i o n  c o e f f i c i e n t  d e t a r m l n e d  u s i n g  
n - o c t a n o l  and 0 . 1M phospH a.te. JbujEf e r  -CpH-7 . 4X-’ a t  37°C»
b .  it d e r i v e d  f rom ( l o g  P _ -  l o g  P _ )K -  1-3 “ Cg K -  t  j
* 1c .  it d e r i v e d  f r om ( l o g  P -  l o g  P j )  w h e r e  R 1 i s  t h eK K
r e s p e c t i v e  non N - m e t h y l a t e d  a n a l o g u e .
TABLE 3 . 5
AQUEOUS SOLUBILITY3 FOR STRAIGHT CHAIN 
CARBAMATES OF GENERAL STRUCTURE R-Q-CQ-NH9
R Group A q u eo us  S o l u b i l i t y  ( m o l e s / 1 ) 6 b ■6 * °
M e t h y l 95 0 0
E t h y l 18 - 0 . 7 2 r-0 . 7 2 2
n - P r o p y 1 1 . 9 4 - 1 . 6 9 - 0 . 9 7
n - B u t y l 0 . 2 2 - 2  . 64 - 0 . 9  5
n - P e n t y 1 0 . 0 3 4 - 3 . 4 5 - 0 . 8 1
n - H e x y 1 0 . 0 1 2 - 3 . 9 0 - 0  . 4 5
n - H e p t y l 0 . 0 0 2 4 - 4 . 6 0 - 0 . 7 0
n - O c t y l 0 . 0 0 0 5 - 5 . 2 8 - 0 . 6 8
a .  D e t e r m i n e d  i n  d o u b l e  d i s t i l l e d  w a t e r  a t  37°C .
b .  D e r i v e d  f rom ( l o g  S =  _ l o g  s s
R C 2 C 0 R = C ^
c .  D e r i v e d  f rom ( l o g  S_. -  l o g  S^ n)K K~ 1
- 1 2 4 -
TABLE 3 . 6
AQUEOUS SOLUBILITY5 FOR BRANCHED CHAIN 
CARBAMATES OF GENERAL STRUCTURE R - 0 - C 0 - N H 9
R Group A qu eo us  S o l u b i l i t y  ( m o l e s / 1 )
b
d
* c
d
i s o - B u t y l 0 . 1 8 - 2 . 2 8 + 0 . 3 6
t e r t - B u t y l 1 . 2 5
COCOI—i 1 + 0 . 7 5
t e r  t - P e n t y 1 0 . 1 6 - 2 . 7  7 + 0 . 6 7
t e r t - H e x y l 0 . 0 3 4 - 3 . 4 5 + 0 . 4 5
Be n z y 1 0 . 0 4 5 - 3 . 3 2 + 1 . 2 7
a .  D e t e r m i n e d  i n  d o u b l e  d i s t i l l e d  w a t e r  a t  3 7 ° C .
b .  D e r i v e d  f r om ( l o g  S .
R = C 2-  C 8 -  l o g '  SR = C 2 )
c .  D e r i v e d  f r om ( l o g  S_ -  l o g  S„i  ) w h e r e  R1 i s  t h eR R -1
r e s p e c t i v e  s t r a i g h t  c h a i n  a n a l o g u e .
TABLE 3 . 7
D I S T RI BU TI O N  OF STRAIGHT CHAIN ALI PHATI C CARBAMATES
CR-O-CO-NH ) ' IN 5% TWEEN 80. SOLUTION3
R Group % F r e e- - - ........... % I n c o r p o r a t e d  in. M i c e l l e s
M e t h y l 1 0 0 0
E t h y l 1 0 0 0
n - P r o p y 1 1 0 0 0
n - B u t y l 4 8 . 6 5 1 . 4
n -P  e n t y  1 2 2 . 7 7 7 . 3 -
n -H e x y l 1 0 . 7 8 9 . 3 -
n - H e p t y l 5 . 3 - . 9 4 . 7
n - O c t y l 2 . 4 9 7 . 6  ................... .
a 5 w / y  (38mM)_ in  0 .  1M c i t r a t e  -  
p h o s p h a t e  b u f f e r  
pH6 a t  37°C
126-
TABLE 3 . 8
BINDING DATA FOR THE INTERACTION OF ALI PHATI C
CARBAMATES (R-O-CO-NH ) WITH BSA& AT 3 7 °C
R Group % Bound  ^
( u s i n g  ImM s o l u t i o n )
ki  xlO^M
n l  .
k 2 x 1 0 ^M n 2
Me thy, 1 5 . 4 7 ' +_ 0 . 15 0 . 1 8 1 . 3 -  . -
E th y l 1 0 . 4 7
IT)r-f•o 0 . 3 1 1 . 7 -
n ’-P r o p y l 1 9 .  03- + - 0 . 13 0 . 1 3 - 6 .3 -
n - B u t y l 33-. 2 ' ^ - 1 . 7 0 0 . 3 3 5 .  6
n - P e n t y l 4 1 . 8 0 +_ 1 . 3 3 0 . 8 5 4 . 4 - “v
n -H a x y l 6 4 . 3 3- + 0.3-3 - 5 . 8 0 3-. 3- 0 . 12 - 1 2 . 1
i - B u t y l 29-. 17 +- 0 . 9 -4 0 . 5  6 3., 6
t - . B u t y l 16^9.3 . 0 .8 7 0 . 1 6 4 . 5 -
t - P  a n t y l 2 5 . 3 3 0 . 8 8 0 . 1 2 3  -. 5 - -  .
t ~ H e x y l
r-> 
•
o 
•
cn -k. 0 . 4  5 0 . 4 9 4 . 3 -r
B e n z y l 4 5 . 5 3 -+-.0 ,  3 7 0 .7  8 5 . 2 ......... .............. -- • .......
a 2% BSA In  0 , 1 54M p h o s p h a t e -  b u f f e r  (pH -7 . 4 1_. 
B'■'H ean L..SEM f o r  a t  l e a s t  3- d e t e r m l h a  t r o n s
' table 3 .9
'CBXNDing >pa;tat for the interaction of aliphatic  
 ^ CA^B AM A X p  X R ~0-C 0 -  NH 2 w iTH '' BS A a ' / '.AT. .1.0°  C
R Group % Bound v • ( u s i n g  ImM • so  lu  t lo n j u
■
k 1x 1 0 3M n l. .  ■ k .^ x l0 3 M n 2
E t h y l  
n - B u t y l  
n ~ P e n t y l  
n - H e x y l
1 4 . 1  t  0 , 1 7
4 9 . 2  + 0 . 4 1  
6 8 . 8  + 0 . 5 2  
8 6 . 7  + 0 . 4 7
0 . 34 
0 . 7 7  
1 . 3 3  
5 . 0 4
2 . 3
6 . 4  
6 . 0  
6 . 3
0 . 3 8  4 . 9  
0 . 6 4  9 . 9
a2% w7v BSA In  0 . 1 54M'pbo s pha  t  e - b u f  f  er  _CpH7.4)__ 
^Mean +-. SEM o f  3- d e t e r m i n a t i o n s
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TABLE 3 . 1 2
PARAMETERS FOR THE INTERACTION OF CARBAMATES 
■ (R-O-CO-NH )' WITH" CYTOCHROME P-45  Oa
R Group KS CM)
Maxi mal  S p e c t r a l  Change  
AE max 350-500 nm
n - B u t y l 1. 9 X 10~3 0.0345
n —P en t y l 9.3 X io“4 0.0333
rr-H exy l 5.0 X 10^4 0.0345
n~Hep t y l 1.7 X io~4 0.0476
n —Oc t y l 7.1 X 10~5 0.0526
n-D e c y l 3.5 X
tolo
0.0645
t - P e n t y l 9.5 X o
1
0.0312
t —H e x y1 7.4 X io"4 0.0323
Ben3tyl 1. 9 X io“3 0.0385
SiMean o f  d e t e r m i n a t i o n  s f r om 2 a n i m a l s ,  
r a n g e  was  i n  a l l  c a s e s  < 5%
CHAPTER FOUR
INTESTINAL ABSORPTION OF CARBAMATES
INTRODUCTION TO THE ROLE OF LIPOPHILICITY IN
INTESTINAL ABSORPTION
As p rev io u s ly  o u tlin e d  (Chapter 1, s e c t io n s  ) the degree o f  l i p i d  
s o lu b i l i t y  o f  a drug can o fte n  be used to p r e d ic t  i t s  p erm ea b ility  
c h a r a c te r is t ic s ..w ith in  a homologous s e r ie s  o f  compounds th is  r e la t io n s h ip  
has been shown to be h ig h ly  s ig n if ic a n t  (Hober and Hober, 1937; Schanker, 
1959),, however fo r  a heterogenous group o f compounds although c o r r e la t io n s  
may be s ig n f ic a n t  they must be used w ith  extreme cau tion  as a p r e d ic t iv e  
to o l (Levine and P e lik a n , 1964). There may be se v e r a l ex p la n a tio n s  why 
b e t te r  c o r r e la t io n s  are not ach ieved  u sin g  compounds w ith  d iv e r se  chem ical 
s tr u c tu r e s . These in c lu d e the p ro cesses  o f s e le c t iv e  m etabolism  (H a rtia la , 
1973) and t is s u e  b in d in g  (D o lu is io , e t  a l , 1970) during t r a n s it  through 
the in t e s t in e .  A lso the form ation o f in term olecu lar  (Levy, l$Gy; G ib a ld i, 
1970) or in tram olecu lar bonds (Nogami, e t  a l , 1968c; Kunze e t  a l , 1972) may 
com plicate the absorption  p r o c e ss . I t  has been su ggested  th a t ab sorp tion  
from the in t e s t in e  i s  a two step  p rocess c o n s is t in g  o f  ad sorp tion  on to  the  
membrane fo llow ed  by tran sp ort through i t  (Nogami e t  a l , 1969, 1970;
Kakemi e t  a l , 1969a and b ) .  L ip o p h il ic ity  may not be o f equal im portance 
in  th ese  two p r o c e sse s .
Support fo r  the importance o f  l i p o p h i l i c i t y  in  drug ab sorp tion  has 
been demonstrated by many in v e s t ig a to r s .  Nogami, e t  a l  (1968a, b and c) 
has shown th at the in tro d u ctio n  o f su b s t itu e n t  groups onto a benzene r in g  
a f f e c t s  the absorption  ra te  in  a p r e d ic ta b le  fa sh io n . I t  i s  in t e r e s t in g  
to note th a t in  the main, l ip o p h i l ic  groups ( e . g .  methyl groups) improve 
the ab sorption  c h a r a c te r is t ic s  whereas h y d ro p h ilic  groups ( e . g .  hydroxyl 
and amino groups) do n o t. C o rrela tio n s between p a r t i t io n  c o e f f i c ie n t s  
and ab sorption  r a te s  have a lso  been shown fo r  b a rb itu ra te s  (Kakemi e t  a l , 
1967b), sulphonamides (Koizuma e t  a l , 1964b) and p -a m in o s a lic y l ic  a c id  
d e r iv a tiv e s  (Kakemi, e t  a l , 1967c) .  A d d itio n a l ev idence in  favour o f  
the p o s it iv e  r o le  o f  l i p i d  s o lu b i l i t y  in  drug ab sorp tion  comes from the  
much c ite d  work o f  B rod ie, Schanker and coworkers (Schanker, 1960) on the 
pH- p a r t it io n  h y p o th e s is . These in v e s t ig a to r s  have s tr e s s e d  th a t u n io n ised  
m olecules are absorbed fa s t e r  than io n is e d  ones because o f  th e ir  much 
h igh er l ip id  s o l u b i l i t i e s .
There have been no sy ste m a tic  s tu d ie s  u sin g  homologous s e r ie s  which 
have attem pted to d is e c t  out the various p h ysico -ch em ica l c o m p le x it ie s  o f
the ab sorp tion  p ro cess . The work reported  here was in s t ig a te d  to  
determ ine over what p a r t it io n  c o e f f i c ie n t  range the l i p o p h i l i c i t y  o f  a 
drug co n tro ls  the ra te  o f  in t e s t in a l  absorption  and e lu c id a te  how oth er  
fa c to r s  might co n tr ib u te  to  th is  p ro cess .
Thre in t e s t in a l  ab sorption  o f a number o f carbamates has been
stu d ied  using the in  v i t r o  everted  gut-sac method and an in  s i t u
procedure (se e  Chapter 2 ) .  G.L.C. was used to  assay a l l  the carbamates
stu d ied  in  v i t r o . These included  a homologous s e r ie s  o f  a l ip h a t ic
s tr a ig h t  chain carbamates (R’-O-.CO-NH where R was extended from methyl
to n - o c t y l ) ,  f iv e  branched chain analogues ( i s o - b u ty l , t e r t - b u ty l ,
t e r t - p e n ty l, t e r t - h exy l and b en zy l) and four N -m ethylated carbamates
(m ethyl, n -propyl and n -p en ty l N-methyl carbamates and phenyl N,N-
dim ethyl carbam ate). In  a d d itio n  to the above named compounds, the
absorption  o f  th ree arom atic N-methyl carbamates was s tu d ied  in  s i t u .
These were p h en y l, 1-naphthyl and 3 , 4 ,5 -tr im a th y lp h en y l N-methyl
14carbam ates.which were r a d io a c t iv e ly  la b e l le d  w ith  C.
T yp ica l absorption  curves obtained  u sin g  the in  v i t r o  gut sac
method are p resen ted  in  F ig  4 . 1 .  Each carbamate showed an i n i t i a l  la g
phase fo llow ed  by a stead y  ra te  o f  appearance in  the s e r o s a l f lu id .  The
lin e a r  p o rtio n  o f  each p lo t  was found to be c h a r a c te r is t ic  o f  the compound
and was used to  c a lc u la te  the absorption  ra te  in  u n its  o f % carbamate
2
tra n sferred  to  s e r o s a l f lu id /c m  /h r . C erta in  absorption  curves tended to  
p la tea u  a f te r  40 m inutes (See F ig  4 . 1 ,  Butyl carbam ate). This probably  
was due to  the con cen tra tion  o f  carbamate in  the s e r o s a l f lu id  approaching  
eq u ilib r iu m  w ith  the mucosal f lu id .
The in  v i t r o  absorption  data fo r  each carbamate o f  gen era l s tr u c tu r e  
R-O-CO-NH  ^ i s  p resen ted  in  Table 4 . 1 .  The con cen tra tion  o f carbamate in  
.th e  mucosal f lu id  did n o t appear to a f f e c t  the ab sorp tion  r a te .  Carbamates 
w ith  chain len g th s o f  up to C^  were s u f f i c i e n t l y  w ater s o lu b le  to  be used  
over a con cen tra tion  range o f  10-50 mM. I t  was n ecessary  to s o lu b i l i s e  
n -h ep ty l and n -o c ty l  carbamates u sing  a 5% w /v so lu t io n  o f  Tween 80. The 
p resence o f  th is  co n cen tra tion  o f  n o n -io n ic  d eterg en t d id  n o t a f f e c t  the  
tr a n s fe r  ra te s  o f  the C^-C^ hom ologues.
The s e r o s a l tr a n s fe r  ra te s  in crea sed  p r o g r e s s iv e ly  as the chain  
len g th  was extended from ..methyl to  b u ty l (see F ig  2i^.Further in c r e a se  
in  the chain length  r e s u lte d  in  a f a l l  in  the ab sorp tion  r a te .  The amount 
o f  carbamate t is s u e  bound was a lso  maximal fo r  n -b u ty l carbamate. Mucosal 
lo s s  was c a lc u la te d  from the amount o f  carbamate tra n sferred  p lu s  th a t which  
was t is s u e  bound. Table 4 .2  and F ig  4.2bshow the amounts o f carbamate 
"transferred"  and "tissue-bound" exp ressed  as percen tages o f  th a t l o s t  from
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the mucosal f lu id .  At chain len g th s up to n -b u ty l the p ercen tages  
" tra n sferred  " and " t is s u e  bound" were r e la t iv e ly  co n sta n t, a t  85% and 
15% r e s p e c t iv e ly .  However a t  lon ger chain len g th s the p ercen tage remain­
in g  w ith in  the t is s u e  in crea sed  a t the expense o f  the percen tage tra n sferred . 
In the case o f  n -o c ty l  carbamate, 47% was recovered from the t i s s u e .  I t  
would appear th a t the lon ger  chain  carbamates tend to remain in  the t is s u e  
ra th er  than pass a long the con cen tra tio n  grad ien t in to  the s e r o s a l f lu id .
The la g  tim es, which were c a lc u la te d  by e x tr a p o la tio n  o f the l in e a r  p o rtio n  
o f  the ab sorp tion  curve to the a b c is s a , support th is  view  (se e  Table 4 .1  
and Figure 4 .3 ) ;  carbamates show s im ila r  lag  tim es but a p r o g r e ss iv e
in c r e a se  in  th ese  f ig u r e s  i s  observed fo r  Cc -  CQ hom ologues.5 o
Table 4 .3  shows the in  v i t r o  absorption  data fo r  the N -m ethylated  
carbam ates. The s e r o s a l tr a n s fe r  r a te s  o f  th ese  compounds show a s im ila r  
trend to th a t d escrib ed  fo r  th e ir  non N -m ethylated analogues; maximal 
tr a n s fe r  occuring a t  C^. S im ilar  in c r e a se s  in  la g  tim es and r e la t iv e  
amounts o f carbamate t is s u e  bound were a lso  observed.
No m etabolism  was d e tec ted  during the passage through the gut 
in  v i t r o . The G.L.C. co n d itio n s used would have d e tec ted  carbamate 
h y d r o ly s is  products and o th er  l ik e ly  m e ta b il i t e s .  The recovery  f ig u r e s  
fo r  a l l  carbamate averaged 95 ± 3.45% (SD).
In the in  s i t u  experim ents, a l l  carbamates e x h ib ite d  m onoexponential 
lo s s  from the lumen. F ig  4 .4  shows ty p ic a l  sem i-lo g a r ith m ic  p lo t s  o f  the 
fr a c t io n  rem aining in  the in t e s t in a l  lumen w ith  tim e. Rate co n sta n ts  
(K^) were c a lc u la te d  from the h a l f - l i v e s  ( t£ )  o f  d isappearance u sin g  the  
equation  -
Ka In 2A --------
t j
(D o lu is io , e t  a l , 1969). N e g lig ib le  amounts C< 1% o f  dose) o f  carbamate 
w ere found In  the in t e s t in a l  t i s s u e  a f t e r  com pletion  o f each experim ent.
n -B u ty l carbamate was s e le c te d  as a ty p ic a l  carbamate fo r  more 
d e ta ile d  study on the nature o f  th is  ab sorp tion  p r o c e ss . In s i t u  ra te  
con stan ts fo r  the ab sorp tion  o f  th is  compound from the in t e s t in e  under 
varying  co n d itio n s are given  in  Table 4 .4 .  The ab sorp tion  r a te s  were 
found to be in s e n s i t iv e  to v a r ia t io n s  in  mucosal co n cen tra tio n  and to  
com p etition  from o th er  carbamates ( e th y l ,  t e r t - b u ty l and n -h ex y l carbam ate). 
Thus there was no in d ic a t io n  th a t an a c t iv e  p rocess was o p e r a tiv e  in  the  
absorption  o f th ese  carbam ates.
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' The ra te  con stan ts for  the in t e s t in a l  ab sorption  o f  a l l  the  
carbamates s tu d ied  w ith  gen era l s tru c tu re  R-O-CO-NH  ^ are l i s t e d  in  
Table 4 .5 .  n -H eptyl and n -o c ty l  carbamate p o ssess  low aqueous s o l u b i l i t i e s  
and as was the case w ith  the in  v it r o  experim ents i t  was found n ecessa ry  
to use a 5% Tween 80 so lu t io n  to determ ine th e ir  absorption  r a te s .  This 
n o n -io n ic  d etergen t was found to  have no e f f e c t  on the d isappearance r a te s  
o f  lower homologues from the in t e s t in a l  lumen.
The e f f e c t  o f  pH on the g a s tr o in te s t in a l-a b s o r p t io n  o f th ree carba­
mates showed no s t a t i s t i c a l  d if fe r e n c e s  in  the ra tes  o f in t e s t in a l  absorp­
t io n  a t  pH 4 , 6 and 8 (Table 4 .6 ) .  In no case did the pH a l t e r  more than 
0 .2  pH u n it  during the course o f  the experim ent.
F igs 4 .5  and 4 .6  p resen t the in  v i t r o  and in  s i t u  ab sorp tion  r a te s  
r e s p e c t iv e ly ,  p lo t te d  a g a in st  th e ir  apparent p a r t it io n  c o e f f i c i e n t s .  In  
each f ig u r e  the b e s t  l in e  o f  f i t  was c a lc u la te d  by the method o f  the l e a s t  
squares fo r  both the p o s it iv e  (a) and n eg a tiv e  (b) s lo p e s . Equations 3a 
and 3b were derived  from the in  v it r o  data in  F ig  4 .5 .
Log % Absorbed = 0 .256  (± 0 .0 4 8 ) lo g  P + 0 .599  (± 0 .0 2 8 ) Eq 9a
n = 4 , r = 0 .9 9 1 , s = 0 .055
Log % Absorbed = -0 .7 1 1  (± 0 .156) lo g  P + 1 .574  (± 0 .340 ) Eq 9b
n = 4, r = 0 .9 8 8 , s = 0 .175
Equations 4a and 4b were derived  from the in  s i t u  data p resen ted  in  F ig  4 .6 .  
Log Ka = 0 .126  (± 0 .0134) lo g  P + 0 .8 5 8  (± 0 .0078) Eq 10a
n = 4 , r  = 0 .9 9 7 , s -  0 .0158
Log Ka = - 0 .2 2 2  (± 0 .0254) lo g  P + 0 .5 9 4  C± 0 .0554) Eq 10b
n = 4 , r  = 0 .997  s = 0 .0284
Only the ab sorp tion  data from the homologous carbamates was used in
d er iv in g  th ese  l i n e s .  In c lu s io n  o f  the ab sorp tion  ra te  o f  i s o - b u ty l 
carbamate in to  s lo p e  (a) and b en zy l carbamate in to  s lo p e  (b) d id  n o t a l t e r  
the c o r r e la t io n  c o e f f i c ie n t  fo r  th ese  l i n e s .  However the th ree t e r t ia r y  
branched carbamates were absorbed a t  a much slow er ra te  than one might have 
expected  from th e ir  p a r t it io n  c o e f f i c i e n t s .  When the a b sorp tion  r a te s  o f  
th ese  compounds were in clu d ed  in  th e r e g r e ss io n  a n a ly se s , the c o r r e la t io n  
c o e f f ic ie n t s  were con sid erab ly  reduced (r < 0 . 9 ) in d ic a t in g  th a t th ese  
compounds should be considered  s e p a r a te ly .
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Although, the in  v it r o  absorption  ra te s  fo r  the N -m ethylated  
carbamates showed s im ila r  absorption  trends to  th ose  noted  fo r  the R-O-CO-NE^ 
s e r i e s ,  th is  was n ot confirm ed in  s i t u . Both n -p en ty l N-methyl carbamate 
and phenyl N ,N -dim ethyl carbamate showed h igh er  ab sorp tion  r a te s  ( r e la t iv e  
to  the o th er  N -m ethylated analogues) in  s i t u  than in  v i t r o . This can be 
exp la in ed  by the presence o f  an in t a c t  b lood  system  p reven tin g  e x te n s iv e  
t i s s u e  b in d in g .
The in  s i t u  ra te  con stan ts for  th ese  N -m ethylated carbamates are p lo t te d  
a g a in s t  th e ir  p a r t it io n  c o e f f i c ie n t s  in  F ig  4 .7 .  Attempts to f i t  a l in e a r  
equation  to th is  data was not s u c c e s s fu l and th ere was l i t t l e  j u s t i f i c a t io n  
fo r  the a n a ly s is  in  terms o f two d is t in c t  s lo p e s .  However a q u ad ratic  
eq u ation  was f i t t e d  by the method o f  the l e a s t  squares which c o r r e la te d  the  
data very w e l l .
lo g  Ka  = -0 .0 6 3 3  (± 0 .0418 ) lo g  P2 + 0 .1 9 8  (± 0 .116 ) lo g  P
-  0 .891  (± 0 .076 ) Eq 11
n = 7, r = 0 .9 1 7 , s = 0 .0828
2A n alysis  o f variance u sing  the F - t e s t  showed the in c lu s io n  o f the lo g  P 
term to be s ig n if ic a n t (p  < 0 .0 5 ) .  This l in e  o f  f i t  i s  i l lu s t r a t e d  in  
F ig  4 .7 .
• A q uadratic  equation  was a lso  f i t t e d  to  the in  s i t u  ab sorp tion  data  
fo r  the R-O-CO-NH  ^ homologues p lus is o -b u ty l  and b en zy l carbamate (see  F ig  4 .8 ) .
Log Ka  = -0 .0 8 9 9  (± 0 .0 3 5 ) lo g  P2 + 0 .103  (±. 0 .0873) lo g  P
-  0 .833  (± 0 .0579 ) Eq 12
n = 10, r = 0 .9 7 3 , s = 0 .126
2 . . . .In th is  case the in c lu s io n  o f  the lo g  P • term was h ig h ly  s ig n i f ic a n t
(P < 0 .0 0 1 ) .  '
F ig  4 .9  p resen ts  the data fo r  both  s e r ie s  o f  carbam ates, where the  
d otted  l in e s  show the r e sp e c t iv e  p arab o las. The s t r a ig h t  l in e  rep resen ts  
Equation 10a fo r  the absorption  ra te  con stan ts o f  R-O-CO-NH  ^ where 
R = -  C .^ The 3 p o in ts  on the p o s it iv e  s lo p e  o f  the N-m ethyl carbam ate-
parabola (m ethyl, n -propyl and phenyl N-methyl carbamate) a lso  f i t  th is  l i n e .
The s lo p e  o f  th is  l in e  may in d ic a te  the fundamental r e la t io n s h ip  between  
absorption  and p a r t it io n  c o e f f i c ie n t  and the p o in ts  o f  departure from th is  
l in e  to form parabolas s ig n ify in g  the in tro d u ctio n  o f another v a r ia b le  which  
becomes predominant to l ip o p h i l i t y .
-14-5-
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The o p t ic a l  p a r t it io n  c o e f f i c ie n t  fo r  each s e r ie s  was determ ined
from the apex o f each parabola . For the non-m ethylated carbamates th is
f ig u r e  was 4 .0  ( lo g ’P = 0 .6 2 ) and fo r  the N -m ethylated compounds 35 ( lo g
P = 1 .5 4 ) .  o
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DISCUSSION
The in t e s t in a l  absorption  o f two s e r ie s  o f  carbamates has been  
s tu d ied  both  in  v it r o  and in  s i t u . The in  v it r o  method has the p o te n t ia l  
advantage o f  measuring tran sp ort through the t is s u e  whereas the in  s i t u  
method i s  lim ite d  to measuring disappearance r a te s  from the lumen. The 
use o f  in  v itr o  gut sacs has been c r i t i c i s e d  by Levine e t  a l  (1970) who 
noted  lo s s  o f s tr u c tu r a l in t e g r i t y  by th ese  p rep a ra tio n s. However F isch er  
and M illb u m  (1970) rep ort l i t t l e  lo s s  o f  s tr u c tu r a l in t e g r i t y  fo llo w in g  
a 90 minute in cu b ation . G ibald i and Grundhofer (1972) have dem onstrated  
th a t p o la r  compounds show a marked in cr ea se  in  th e ir  tra n sp o rt r a te  through 
ev er ted  gut sacs w ith  time but reported  no change in  the ab sorp tion  ra te  
o f  non-polar compounds. In support o f  G ibald i and Grundhofer*s f in d in g s  
no change was d etec ted  in  the absorption  r a te s  o f  any o f  the n on -polar car­
bamates s tu d ied  w ith  tim e.
The r e s u lt s  ob ta in in g  u sin g  the gut sac method c o r r e la te d  very  w e ll  
w ith  the in  s i t u  ab sorption  d ata , again su g g estin g  th a t  the in  v i t r o  
p rep aration s were v ia b le .  Using e i th e r  techn ique when the logarith m  o f  
the ab sorption  ra te  o f  the R-O-CO-NH  ^ i s  p lo t te d  a g a in st  the p a r t i t io n  
c o e f f i c ie n t  a c le a r  r e la t io n sh ip  i s  apparent. For carbamates w ith  p a r t i ­
t io n  c o e f f ic ie n t s  le s s  than ten  (C^-C^), the ra te  o f  ab sorp tion  shows a 
l in e a r  dependence upon chain le n g th . Carbamates w ith  h ig h er  p a r t i t io n  
c o e f f i c ie n t s  (C^-Cg) show a p ro g r e ss iv e  d e c lin e  in  th e ir  ab sorp tion  r a te s .
For th ese  l a t t e r  compounds th ere appears to be an a d d it io n a l fa c to r ,  probably  
predominant to l i p o p h i l i c i t y , c o n tr o ll in g  the ra te  o f  ab sorp tion  both  in  
v it r o  and in  s i t u . Although th is  trend i s  l e s s  w e ll  d efin ed  fo r  the  
N -m ethylated carbamate s e r ie s  i t  remains s ig n i f ic a n t .
The f ig u r e s  fo r  t is s u e  bound carbamates ob ta ined  in  v i t r o  do not 
r e f l e c t  the in  s i t u  s i tu a t io n .  Presumably in  s i t u ^the p resen ce o f  an 
in ta c t  b lood  supply reduces the l e v e l  o f  carbamate in  the i n t e s t in a l  t i s s u e  
to  n e g l ig ib le  amounts. The in c r e a se  in  la g  tim es observed in  v i t r o  
fo llow ed  a trend s im ila r  to the % bound carbamate f ig u r e s .  I t  would appear 
th a t n o n -s p e c if ic  b ind ing in  the gut sac t is s u e  occurs b e fo re  a stead y  
ra te  o f  appearance o f  carbamate in  the serosG l f lu id  can be m ain ta in ed .
This accum ulation i s  an a r t i f a c t  o f  the gut sac  method and i t  i s  not 
apparent in  s i t u . As a r e s u lt  the n eg a tiv e  s lo p e  fo r  the in  v i t r o  
absorption  (Eq 7b) i s  much s te e p e r  than th a t fo r  the in  s i t u  a b sorp tion  
(Eq 8b) o f  the non m ethylated carbamates and no attem pt was made to f i t  a
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p a ra b o lic  curve to the in  v it r o  d ata . In v it r o  t i s s u e  b in d in g  may account 
fo r  the d if f e r in g  absorption  behaviour observed in  v i t r o  and in  s i t u  fo r  
n -p en ty l N-methyl carbamate and phenyl N ,N -dim ethyl carbamate.
A p o s s ib le  co n tr ib u tio n  to the observed reduced ab sorp tion  r a te s  
o f  th e  h igh er  carbamates (C_ and CD in  the R-0-C0-NH_ se r ie s )  was the/ o L
p resen ce o f  Tween 80, fo r  the co n cen tra tion  used in  our experim ents was 
w e ll  in  ex cess  o f  the c r i t i c a l  m ic e lle  con cen tration  rep orted  by C houlis 
and Loh (1971). Previous in v e s t ig a t io n s  have shown th a t m ic e lla r  s o lu t io n s  
can reduce in te & stin a l ab sorption  r a te s  (Yamada and Yamomoto, 1965; Yamada 
e t  a l , 1966). However the in t e s t in a l  ab sorption  o f carbamates w ith  chain  
len g th s up to  s i x  carbons was n ot a f fe c te d  by the p resence o f  th is  n o n -io n ic  
d eterg en t im plying th a t Tween 80 in te r fe r e n c e , under the co n d itio n s  o f  our 
experim ents, was n e g l ig ib le .  A lso  the r e s u lt s  on the ab sorp tion  o f  n -h ep ty l 
carbamate f i t  the data ob ta in ed  fo r  the sh o rter  chain  (C  ^ and C^) hom ologues. 
I t  i s  th ere fo re  u n lik e ly  th a t th e in t e s t in a l  absorption  ra te  o f  th ese  
and Cg carbamates were s ig n i f ic a n t ly  reduced by the Tween 80 m ic e l le s .  In  
a d d itio n  the ab sorp tion  c h a r a c te r is t ic s  o f  the R-O-CO-NH  ^ s e r ie s  d escr ib ed  
by Equation 13 i s  in  good agreement w ith  Equation 12 fo r  the N -m ethylated  
carbam ates.
The ra tes  o f  absorption  from the in t e s t in e  observed fo r  t e r t ia r y  
carbamates (R-O-CO-NH^) do not f i t  the same l in e  as the s t r a ig h t  chain  
homologues but form a d is t in c t  p a ttern  o f  th e ir  own. I t  would appear th a t  
in  th ese  b u lk ie r  m olecules a s t e r ic  fa c to r  i s  o p era tiv e  in  th e ir  ab sorp tion  
which may in d ic a te  the presence o f  pores in  the membrane. In c o n tr a s t ,  
s t e r i c  fa c to r s  are n o t e v id e n t in  the in t e s t in a l  ab sorp tion  o f  i s o - b u ty l 
and b en zy l carbamates fo r  the ab sorp tion  r a te s  o f both compounds cou ld  
have been p red ic te d  from th e ir  p a r t it io n in g  p r o p e r t ie s . T herefore the 
ra te  con stan ts fo r .th e  absorption  o f  th ese  two compounds were in c lu d ed  in  
the d e r iv a tio n  o f  the quadratic  equation  fo r  th a t s e r ie s  (Eq 1 2 ) . In view  
o f  the two d i s t in c t  parabolas fo r  each carbamate s e r ie s  i t  i s  p o s s ib le  th a t  
the t e r t ia r y  carbamates form a th ir d .
The lin e a r  r e la t io n s h ip  between in t e s t in a l  ab sorp tion  r a te  and 
p a r t it io n  c o e f f i c ie n t  d escrib ed  in  Equations 9a and 10a could  have been  
p red ic te d  from the early work o f  Schanker, Brodie and co-workers (se e  
Schanker, 1960). However a p a ra b o lic  r e la t io n s h ip  such as d escr ib ed  in  
Equations 11 and 12 i s  a new phenomenon apparently  not encountered  by 
p rev ious in v e s t ig a to r s  in  the g a s t r o in te s t in a l  ab sorp tion  f i e l d .  I t  i s  
th is  l in e  a lone which would be observed i f  on ly  the ab sorp tion  r a te s  o f
compounds whose p a r t it io n  c o e f f i c ie n t s  were l e s s  than 10 were determ ined.
The compounds s tu d ied  by the Schanker would f a l l  in to  th is  l a t t e r  category  
and i t  must be r e a l is e d  th a t the l in e a r  r e la t io n sh ip  between in t e s t in a l  
ab sorp tion  and p a r t it io n  c o e f f i c ie n t  i s  only an i s o la t e d  p art o f  the more 
gen era l p a ra b o lic  r e la t io n s h ip . This general phenomenon i s  on ly  ap p recia ted  
when a homologous s e r ie s  o f compounds covering  a wide p a r t it io n  c o e f f i c ie n t  
range i s  used.
-152-
TABLE 4 .1
IN VITRO INTESTINAL ABSORPTION OF CARBAMATES
OF GENERAL STRUCTURE R-0-C0-NH2
Carbamate Studied  
(Cone. -  ymol/ml)
S ero sa l T ran sfera 
(%/cm2 /h r)
• clT issu e Bound 
(%/cm2 a t  lh r)
Mucosal Loss^ 
(%/cm2 a t  lh r )
. 2Lag Time '
(mins)
Methyl Carbamate
(50, 25, 10)
2 .81 ± 0 .2 8 0 .4 2 ± 0 .0 6 3 .23 5 .0 ± 0 .5
E thyl Carbamate
(50, 25, 10)
3 .37 ± 0 .5 1 0 .6 0 ± 0 .09 3 .97 6 .5 ± 0 .6
n-Propyl Carbamate 
(50 , 25, 10)
5 .0 7 ± 0 .6 1 0 .91 ± 0 .0 9 5 .9 8 4 .5 ± 0 .5
n -B utyl Carbamate 
(50, 25, 10 )
6 .6 0 ± 0 .54 1 .27 ± 0 .1 1 7.87 6 .25 ± 0 .4
n -P en ty l Carbamate 
, (25, 10)
3.75 ± 0 .2 1 1 .0 5 ± 0 .0 6 4 .8 0 7 .0 ± 0 . 1
n-H exyl Carbamate 
(25 , 10 )
2 .25 ± 0 .3 2 0 .89 ± 0 .0 6 3 .14 8 .5 ± 0 .2
cn-H eptyl Carbamate 
(25, 10)
0 .6 7 ± 0 .1 8 0 .53 ± 0 .1 3 1 .2 0 13 .0 ± 0 .2
cn -O ctyl Carbamate 
(25 , 10)
0 .3 7 ± 0 .0 7 0 .2 7 ± 0 .0 7 0 .6 4 2 0 .0 ± 0 .1
i-B u ty l Carbamate 
(25)
5 .59 ± 0 .2 3 1 .1 0 ± 0 .0 7 6 .69 5 .0 ± 0 .4
t-B u ty l Carbamate 
(25)
4 .42 ± 0 .59 1 .0 0 ± 0 .1 1 5 .4 2 5 .5 ± 0 .2
t -P e n ty l Carbamate 
(25)
4 .7 4 ± 0 .5 7 1 .1 0 ± 0 .0 8 5 .8 4 7 .0 ± 0 .2
t~Hexyl Carbamate 
(25)
1 .2 2 ± 0 .45 0 .6 1 ± 0 .1 5 1 .8 3 8 .5 ± 0 .3
Benzyl Carbamate
(25)
3 .8 8 ± 0 .2 0 1 .0 2 ± 0 .0 7 4 .9 0 7 .5 ± 0 .2
a Mean o f a t  l e a s t  5 anim als ± SD fo r  a l l  the co n cen tra tio n s
in d ic a te d
b C alcu lated  by a d d itio n  o f  S erosa l T ransfer to  T issu e  Bound
c 5% Tween 80 so lu t io n  used
TABLE 4 .2
DISTRIBUTION OF CARBAMATE (R-O-CO-NHJ LOST FROM
~~ '.... ............. .....  .......................... ” r T7 £ ...........
MUCOSAL FLUID IN GUT SAC EXPERIMENTS
R Group % T ransferred 3 % T issu e Bound^
Methyl 86.9 13 .1
E thyl 84 .8 15 .2
n-Propyl 84 .8 15 .2
n -B u ty l 83 .8 16 .2
n -P en ty l 78 .1 21.9
n-H exyl 71.6 28 .4
n-H eptyl 5 5 .8 44 .2
n -O cty l 53 .5 46 .5
C alcu lated  from S ero sa l T ransfer ,- -------- — ------------------x 100Mucosod Loss
C alcu lated  from T issu e Bound
Mucosal Loss
TABLE 4 .3
IN VITRO ABSORPTION DATA FOR N-METHYLATED
CARBAMATES OF GENERAL STRUCTURE R-O-CO-N (CH^R1 a
R Group R’ Group S erosa l T ransfer  
(%/cm2/h r
T issu e Bound 
(%/cm2 at 1 hr)
Lag Time 
(mins)
Methyl H 2 .8 8  ± 0 .3 5 0 .5 8  ± 0 .0 6 4 ± 0 .5
n-Propyl H 5 .1 4  ± 0 .6 7 1 .0 2  ± 0 .1 1 5 ± 0 .6
n -P en ty l H 1.49  ± 0 .2 0 0 .6 7  ± 0 .7 2 8 ± 0 .3
Phenyl Methyl 2 .35  ± 0 . 3 2 0 .6 4  ± 0 .69 12 ± 0 . 2
a Mean o f  5 anim als ± SD
TABLE 4 .4
IN SITU RATE CONSTANTS FOR n-BUTYL CARBAMATE
ABSORPTION FROM INTESTINE UNDER VARYING CONDITIONS
I n i t i a l  Lumen con ten ts (10 mis b u ffe r )
Rate Constant '
n -B u ty l Carbamate 
conc. (y m oles/m l)
Other Carbamate 
P resen t (conc. y m oles/m l)
fo r  n -B u ty l carbamate 
(min *)
1 0 .0 - 0 .177  ± 0 .0 0 7 a
. 5 .0 - 0 .175  ± 0 .002b
1 .0 - 0 .155  ± 0 .0 0 9 b
0 .5 - 0 .165  ± 0 .0 0 4 b
5 .0 E thyl carbamate (50) 0 .1 5 7  ± 0 .0 0 9 a
5 .0 t-B u ty l carbamate (50) 0 .165  ± 0 .0 0 5 a
5 .0 n-H exyl carbamate (50) 0 .165  ± 0 .0 0 4 a
a Mean o f 5 anim als ± SD
b Mean o f 2 anim als ± range
c At pH6 u sin g  0.1M c itr a te -p h o sp h a te  b u ffe r
TABLE 4 .5
IN SITU RATE CONSTANTS FOR THE INTESTINAL ABSORPTION OF
CARBAMATES OF GENERAL STRUCTURE R-O-CO-NH^
Carbamate Studied  
(Conc. ymol/ml)
Rate Constant 
(min 1)
A bsorption
H a lf-L ife
(min)
Methyl Carbamate (10) 0 .114  ± 0 .0012 - 6 .1
E thyl Carbamate (10) 0 .132  ± 0 .0046 5 .25
Propyl Carbamate (10) 0 .1 5 7  ± 0 .009 4 .4
n -B u ty l Carbamate (10) 0 .175  ± 0 . 0 0 7 1 4 . 0
n -P en ty l Carbamate (10) 0 .126  ± 0 .0054 5 .5
n-H exyl Carbamate (5) 0 .099  ± 0 .0044 7 .0
n-H eptyl Carbamate (10) 0 .079  ± 0 .0046b 8 .8
n-O cty l Carbamate (10) 0 .058  ± 0 .0018b 1 2 .0
i-B u ty l Carbamate (10) 0 .1 6 5  ± 0.0015 4 .2
t-B u ty l Carbamate (10) 0 .129  ± 0 .0027 5 .4
t -P e n ty l Carbamate (10) 0 .116  ± 0 .0018 6 .0
t-H exyl Carbamate (10) 0 .079  ± 0 .0097 8 .8
Benzyl Carbamate (10) 0 .1 5 4  ± 0 .0017 4-5
a Mean o f  5 anim als ± SD, determ ined a t  pH6 u sing  
O.IM c itr a te -p h o sp h a te  b u ffe r
b 5% Tween 80 so lu t io n  used
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TABLE 4 .6
EFFECT OF pH ON IN SITU INTESTINAL ABSORPTION5
Carbamate
Studied
_1
I n te s t in a l  A bsorption Rate Constant (min )
(conc. ym/ml)
pH 4b pH 6b pH 6b
E thyl
Carbamate
(10 )
0 .131  ± 0.0051 0 .132  ± 0.0046 0 .137  ± 0 .0059
n -B utyl
Carbamate
( 10)
0 .173  ± 0.0069 0.177 ± 0.0071 0 .169  ± 0 .0071
n-H exyl
Carbamate
(5)
0 .105  ± 0 .0050 0.099 ± 0 .0044 0 .103  ± 0 .0043
a In a l l  cases pH did  not a l t e r  more than 0 .2  pH u n it  during the course  
o f  the experim ent “
b 0.1M c itr a te -p h o sp h a te  b u ffe r  used . R esu lts  are mean o f  5 anim als 
± SD
TABLE 4 .7
IN SITU RATE CONSTANTS FOR THE INTESTINAL
ABSORPTION OF N-METHYLATED CARBAMATES OF
GENERAL STRUCTURE R-O-CO-N(CH3)R,a
R Group Rf Group Conc.(ym ol/ml)
Rate Constant 
(min *)
A bsorption
H a lf-L ife
(min)
Methyl H 10 0 .1 2 8  ± 0 .007 5 .4
n-Propyl H 10 0 .171  ± 0 .009 4 .0 5
n -P en ty l H 5 0 . 193  ± 0 .0087 3 .6
Phenyl H 5 0.191  ± 0 .0101 3 .6
Phenyl Methyl 5 0 .165  ± 0.0102 4 .2
1-Naphthyl- H 1 0 . 173  ± 0 .0081 4 .0
3 , 4 , 5-T rim ethyl H 1 0 .145  ± 0.0105 4 .8
a . Mean o f  5 animals ± SD, determ ined a t  pH 6 u sin g  O.IM 
C itra te-p h osp h ate  b u ffe r
CHAPTER FIVE
GASTRIC ABSORPTION OF CARBAMATES
INTRODUCTION TO GASTRIC ABSORPTION
The a b i l i ty  o f the stomach to  absorb drugs, in  addition to i t s  
ro le  as a d igestive  organ, was suggested by Karel in  1948* i s  
u n lik ely  that g astr ic  absorption rates ever achieve the e ffic ie n c y  o f  
in te s t in a l absorption because o f the le s s  extensive blood supply and 
smaller surface area availab le in  the stomach. In general rate con­
stants for g a str ic  absorption tend to  be one to  two orders o f magnitude 
slower than those observed for in te s t in a l absorption (Koizumi, e t  a l , 
1964a and b; : Kaksmi, et a l 1967a and b; D oluisio et a l , 1969; 
Crouthamel, e t a l 1971)•
The importance o f gastr ic  absorption in  vivo w ill  largely  depend 
. upon the rate o f g astr ic  emptying. Certain drugs (eg s a l ic y l ic  acid) 
may be absorbed almost completely from the stomach before g a str ic  
emptying can occur (Schanker, et a l , 1957)* Other drugs (eg paracetamol) 
are dependant upon the stomach emptying before therapeutic blood le v e ls  
can be achieved (Heading et a l , 1973)* A variety  o f factors can a ffe c t  
g a str ic  emptying (see Chapter 1, section  b ) including the action  o f  
drugs. Therefore i t  should be remembered that with a high dcse o f a 
drug, only a small portion need be absorbed from the stomach to resu lt  
in  the in h ib itio n  o f gastr ic  emptying (Barr, 1967)*
I t  i s  not known whether drugs d esign ed  fo r  optim al ab so rp tio n  
from th e in t e s t in e  have optim al c h a r a c te r is t ic s  fo r  g a s t r ic  ab so rp tio n  
and in  v iew  o f  th e  above co n s id e r a tio n s  t h i s  requires', e lu c id a t io n  in  
order th a t rep rod u cib le  th era p eu tic  b lood  l e v e l s  may be accom plished  
and m aintained. In  order to  ga in  in s ig h t  in to  the p o s s ib le  r e la t io n ­
sh ip  .betw een th e  p h ysico -ch em ica l p r o p e r t ie s  d e s ir a b le  fo r  ab so rp tio n  
from both o f  th e se  organs th e  fo llo w in g  s tu d ie s  were c a r r ie d  out u s in g  
th e  two s e r ie s  o f  carbam ates.
RESULTS
The in  s i t u  procedure o f  D o lu is io , e t  a l  ( 1969 ) has been used  to  
determ ine th e  g a s tr ic  ab sorp tion  r a te  co n sta n ts  fo r  tw enty, carbam ates.
The ra te  o f  disappearance o f  each o f  th e se  compounds from th e  g a s t r ic  
lumen was found to  be m onoexponential. F ig  5*1 shows t y p ic a l  sem i-  
loganrfchmic p lo t s  o f  th e  fr a c t io n  o f  carbamate rem aining in  th e  g a s t r ic  
lumen w ith  tim e. A bsorption r a te  co n sta n ts  were c a lc u la te d  from th e  
h a l f - l i v e s  o f  d isappearance and are l i s t e d  in  T ables 5 -1  and 5 -2 .
n -B u ty l carbamate was s e le c t e d  a s  a  t y p ic a l  carbamate fo r  more 
d e ta i le d  stud y  on th e nature o f  t h i s  a b sorp tion  p r o c e ss . In  s i t u  r a te  
co n sta n ts  fo r  th e  ab sorp tion  o f  t h i s  compound from th e  stomach under 
v a ry in g  c o n d itio n s  are g iven  in  Table 5-3* There was no in d ic a t io n  
th a t an a c t iv e  p ro cess  was o p era tiv e  in  th e  ab sorp tion  o f  th e se  ca r ­
bam ates, s in c e  th e  ab sorp tion  r a te s  were found to  be in s e n s i t iv e  to  
v a r ia t io n s  in  lumenal co n cen tra tio n  and to  com p etition  from o th er  car­
bamates ( e th y l ,  t e r t - b u ty l and n -h ex y l carbam ate).
F ig  5 -2  shows th e g a s t r ic  ab sorp tion  r a te  co n sta n ts  fo r  each  ca r­
bamate (R-O-CO-NHg) p lo t te d  a g a in st i t s  apparent o c ta n o l b u ffe r  p a rt­
i t i o n  c o e f f i c i e n t .  Throughout th e s e r ie s  th ere  was an in c r e a se  in  
ab sorp tion  r a te  which c o r r e la te d  w e ll  w ith  th e  in c r e a se  in  p a r t i t io n  
c o e f f i c i e n t .  Although th e branched carbamates were absorbed a t a  slow er  
r a te  than t h e ir  s tr a ig h t  chain  analogues t h i s  d ecrease was c o n s is ta n t  
w ith  t h e ir  low er p a r t i t io n  c o e f f i c i e n t s .  The a b sorp tion  r a te  o f  b en zy l 
carbamate was a ls o  a  fu n c tio n  o f  i t s  o c ta n o l b u ffe r  p a r t i t io n  c o e f f i c i e n t .  
A r e g r e ss io n  l in e  to  th e  data  shown in  F ig  5 -2  was f i t t e d  by th e  method 
o f  le a s t  squares -
Log Ka = 0 .1 8 1  (+ 0 .0 4 8 2 ) lo g  P + 0 .2 2 8  (+ 0 .0 4 9 7 ) • ' : Eq 13
n = 11, r  = 0 .9 7 2  s  = 0 .1 1 2
The r a te  c o n sta n ts  shown in  F ig  5 -2  were estim a ted  s o l e l y  from th e  
r a te  o f  d isappearance from the g a s t r ic  lumen, but th e r e s u l t s  p resen ted  
on Table 5 -4  show th a t th e  amounts o f  carbamate t i s s u e  bound are sm all 
and in d ic a te  no d i s t r i c t  trend  throughout th e s e r ie s .  T herefore s in c e  
accum ulation in  th e  g a s t r ic  mucosa was not s ig n i f ic a n t ,  th e s e  r a te  co n -
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s ta n ts  can be a t tr ib u te d  e n t ir e ly  to  a p a ss iv e  d if fu s io n  p ro cess  
through th e  t i s s u e  in to  th e  b lood .
The ra te  co n sta n ts  fo r  the N -m ethylated carbamates are p lo t t e d  
a g a in st  t h e ir  p a r t i t io n  c o e f f i c ie n t s  in  F ig  5 -3 . The reg u la r  in cr ea se  
in  ab sorp tion  ra te  observed w ith  in c r e a s in g  p a r t it io n  c o e f f i c i e n t  can 
be d escr ib ed  by th e  fo l l lo w in g  l in e  o f  b est  f i t  -
Log Ka  = 0 .0950  (+ 0 .0335 ) lo g  P -  0 .1 0 0  (+. 0 .0 5 9 3 ) Eq 14
n = 5 . r  » O.9 4 3  s  = 0 .076
A r e g r e s s io n  l in e  to  f i t  a l l  th e  data  shown on F ig  5 -2  (non 
m ethylated  carbam ates) and F ig  5 -3  (N -m ethylated carbam ates) gave 
E quation 15.
Log Ka = 0 .1 4 6  (+ 0 .0 5 4 0 ) lo g  P -  0 .1 9 3  (+ 0 .0 7 3 6 ) Eq 15
n = 16 r  = O.9 3 8  s  = 0 .1 9 5
The in tr o d u c tio n  o f  a  q u adratic  term , as shown in  E quation  16,
in crea sed  the. c o r r e la t io n  c o e f f i c ie n t  fo r  th e  r e la t io n s h ip  but an
2a n a ly s is  o f  varian ce u s in g  the. F - t e s t  showed, th e  in c lu s io n  o f  lo g  P 
not to  be s ig n if ic a n t  a t th e  5^ l e v e l  ( P < 0 .0 5 ) .
Log Ka  =*-0.0247 (+ 0 .0476 ) lo g  P2 + 0 .1 9 7  (+ 0 .1 0 9 ) lo g  P
-  0 .2 0 0  (+ O.O684 ) Eq 16
n = 16 r  = O.9 5 2  s  = 0 .1 7 8
The b e s t  l in e  o f  f i t -1 fo r  th e  l in e a r  r e la t io n s h ip  (Eq 1 5 ) i s  shown 
in  P ig  5 -4  and th e b est  l in e  fo r  th e  q u adratic  fu n c tio n  (Eq 16) in  
F ig  5 -5•
n -H eptyl and n -o c ty l  carbamate p o s se s s  low aqueous s o l u b i l i t i e s  
and i t  was found n ecessa ry  to  u se  a 5/  ^ Tween 80 (P o lyoxyeth y len e  
so rb ita n  m ono-o leate) so lu t io n  to  determ ine t h e ir  r a te s  o f  a b so rp tio n . 
The ab sorp tion  r a te s  o f  th e  low er homologues were redeterm ined  in  th e  
pre’sence o f  t h i s  n o n -io n ic  d e te r g e n t. The r e s u l t s  p resen ted  in  Table 
5—5 show th a t th e  e f f e c t  o f  Tween 80 was dependant upon th e  ch a in  le n g th
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o f the carbamate studied, Ho s t a t i s t ic a l  d ifference was apparent with 
ethyl and n-butyl carbamate yet the absorption rates of n-pentyl and 
n-hexyl carbamate showed a s ig n ifica n t decrease (p/L.0.05 and 0 , 01, 
resp ective ly ) in  the presence o f Tween 80, Table 5-6 l i s t s  the observed 
rate constants for n~heptyl and n -octy l carbamate using a 5$ Tween 80 
so lu tion  and the theore.tical values predicted from Equation 13 (for  
R-O-CO-HHg), Equation 15 (for  R-0-Co-HH2 and R-O-CO-NCH^ R1 -  lin ear)  
and Equation 16 (R-O-CO-NH  ^ and R-O-CO-HGH^ R^  -  quadratic).
The p ossib le  role o f pH in  the gastr ic  absorption process was 
in vestigated  in  order that th is  absorption data could be compared with 
the previously discussed rates for in te s t in a l absorption. Table 5-7 
shows that pH had no s ig n ifica n t e ffe c t  on the g astr ic  absorption o f  
these carbamates at the 5^ lev e l (p^.0. 05) ,
Eig 5-6 shows the observed g a str ic  absorption rates f i t t e d  with 
Equation 15 together with the previously discussed in te s t in a l absorption  
rate constants for the R-O-CG-ffi^ (Sq 12) and R-O-CO-HCH^ R1 (Eq l l )  
s e r i e s . . I t  i s  in ter estin g  that the same optimal p a r tit io n  c o e ffic ie n t  
for gastric  and in te s t in a l absorption i s  not apparent with these com- 
pounds.
-169-
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DISGUSSIOIT
The r e s u l t s  p resen ted  here su g g est th a t th e  carbamates s tu d ied  
are absorbed from the stomach o f  th e  ra t by p a ss iv e  d if fu s io n .  No pH 
dependency was ev id en t in  th e ab sorp tion  from t h i s  organ or th e in t e s t in e .  
This in d ic a te d  th a t th e  membrane p erm ea b ility  o f  both organs was not 
s e n s i t iv e  to  vary in g  H io n  co n cen tra tio n s  and th e r e fo r e  a  d ir e c t  com­
p a r iso n  o f  g a s t r ic  and in t e s t in a l  ab sorp tion  r a te s  can be made. The 
in  s i t u  ra te  co n sta n ts  fo r  ab sorp tion  from th e  two organs d i f f e r  by 
one to  two orders o f  magnitude and s im ila r  r e la t iv e  v a lu e s  have been  
rep orted  by D o lu s is io  e t  a l  ( 1969 ) Crouthamel e t  a l  ( l 9 7 l )  u s in g  
th e  same in  s i t u  procedure. T his f in d in g  can la r g e ly  be ex p la in ed  
when th e  r e la t iv e  su rfa ce  areas o f  th e  stomach and in t e s t in e  are taken  
in to  c o n s id e r a tio n .
The ab sorp tion  r a te s  o f  both s e r ie s  o f  carbamates from th e  g a s t r ic
lumen o f  ra t appears to  be a p a r t it io n in g  p ro cess  dependent upon th e
l ip o p h i l ic  nature o f  th e  carbamate. The logarithm  o f  th e a b so rp tio n
r a te  con stan t i s  d ir e c t ly  p ro p o rtio n a l to  th e  o cta n o 1 -b u ffe r  p a r t i t io n
c o e f f i c ie n t  over a range o f  01-1000. A lthough th ere  i s  a  tendency fo r
r e la t io n s h ip  to  p la tea u  when th e  p a r t i t io n  c o e f f i c ie n t  exceed s 100,
t h i s  e f f e c t  was found not to  be s ig n if ic a n t  w ith  th e  data  from th e se
s tu d ie s .  U nfortun ately  th e  ra te  c o n sta n ts  fo r  the g a s t r ic  a b so rp tio n
o f  n -h e p ty l and n ~ o c ty l carbamate, whose p a r t i t io n  c o e f f i c i e n t s  are
w ith in  th e 100-1000 range, cou ld  not be in c lu d ed  in  t h i s  a n a ly s is .  In
order the determ ine th e ab sorp tion  r a te s  o f  th e se  two compounds i t  i s  
A
n ecessa ry  to  use a s o lu b i l i s in g  agent and i t  was found th a t Tween 80 
reduced th e  r a te  o f  stomach ab sorp tion  o f  c e r ta in  o f  th e  more w ater  
so lu b le  carbam ates. Comparisons between th e  observed r a te  c o n sta n ts  
fo r  n -h ep ty l and n -o c ty l  carbamate and th e th e o r e t ic a l  v a lu e s  d er iv ed  
from l in e a r  and quadratic eq u ation s show no j u s t i f i c a t io n  in  s e le c t in g  
e i th e r  one o f  th e se  eq u ation s to  e x p la in  th e r ed u ctio n . I t  i s  o n ly  
p o s s ib le  to  conclude th a t i f  an optim al p a r t i t io n  c o e f f i c i e n t  fo r  
g a s tr ic  ab sorp tion  e x i s t s  i t  has a va lu e h igh er  than 1000.
The red u ctio n  in  th e  g a s t r ic  ab sorp tion  ra te  con stan t o f  c e r ta in  
carbamates in  th e presen ce o f  Tween 80 c o n tr a s ts  w ith  th a t observed  fo r  
in t e s t in a l  a b sorp tion . S ince th e  r a te  con stan t fo r  g a s t r ic  a b so rp tio n  
were co n sid era b ly  slow er than th o se  observed fo r  th e  in t e s t in e  i t  i s
-171-
u n lik e ly  th a t in co rp o ra tio n  o f  th e carbamate m olecu les in to  Tween 80 
m ic e lle s  i s  r e sp o n s ib le  fo r  t h i s  o b serv a tio n . A more l i k e l y  ex p la n a tio n  
i s  th a t the g a s t r ic  mucosal membrane i s  a lte r e d  by th e  d etergen t and 
t h i s  m o d ific a tio n  i s  m an ifest o n ly  in  the reduced ab sorp tion  r a te s  o f  
c e r ta in  carbamates ( i e  and Cg but not and C^). I t  would c e r ta in ly  
appear th a t th e g a s t r ic  ab sorp tion  o f  n -h e p ty l and n -o c ty l  i s  a ls o  
g r e a t ly  reduced by th e  Tween 80 .
The s lo p e s  fo r  th e  g a s t r ic  ab sorp tion  r a te  and p a r t it io n  c o e f f i c ­
ie n t  r e la t io n s h ip s  (Eq 13, 14, 15) are s im ila r  to  the p o s it iv e  s lo p e s  
fo r  E quations 9a and 10a fo r  th e in t e s t in a l  a b sorp tion  o f  th e  low er  
carbamate homologues (R-O-CO-M^) • However although  s t e r i c  fa c to r s  
were found to  be im portant in  ab sorp tion  from th e  in t e s t in e ,  th e se  
fa c to r s  were not ev id en t in  g a s t r ic  a b so rp tio n . The r a te  c o n sta n ts  
fo r  ab sorp tion  from th e  stomach o f  th e  four branched carbamates and 
b en zyl carbamate were found to  be p r im a r ily  dependent upon t h e ir  app­
arent p a r t it io n  c o e f f i c i e n t s .
To summarise, i t  would appear th a t th e g a s t r ic  mucosa d i f f e r s  from 
th e in t e s t in a l  mucosa in  se v e r a l ways. Optimal l i p o p h i l i c i t y  req u ir e ­
m ents, th e e f f e c t  o f  Tween 80 and th e  r o le  o f  s t e r ic  fa c to r s  are th ree  
p r o p e r t ie s  which c h a r a c te r ise  th e se  two d is t in c t  membranes and in d ic a te  
th e  dangers in v o lv e d  in  assum ing th a t th e b a r r ie r s  to  ab sorp tion  are th e  
same a lon g  th e  e n t ir e  g a s t r o in t e s t in a l  t r a c t .
-1 .7 2 -
TABLS 5.1
RATS CONSTANTS FOR GASTRIC ABSORPTION OF CARBAMATES
GP GEHBRAL STRUCTURE R-O-CO-NHg3,
Carbamate Studied 
(Cone, pmol/ral)
Rate Constant 
(min~ ) x 100
Absorption
H alf-L ife
(min)
Methyl Carbamate (10) 0.462 + 0.035- 150
Ethyl Carbamate (10) 0.500 + 0.030 138.5
Propyl Carbamat e (10) 0.642 + 0.033 108
n-Butyl Carbamate (10) 0.770 + 0.049 90
n-Penty1 Carbamat e (10) l .°5  + 0.092 66
n-Hexyl Carbamate ( 5 ) 1.28 + 0.11 54
n-Heptyl Carbamate(10)b O.749 + 0.037 92.5
n-Octyl Carbamate (10)^ O.77O + 0.047 9°
i-B utyl Carbamate (10) 0.797 + 0.055 87
t-B utyl Carbamate (10) 0.700 + O.O44 99
t-P en ty l Carbamate(10) 1.03 + 0.160 67
t-Hexyl Carbamate (10) O.99 +O.O97 70
Benzyl Carbamate (10) 1.06 + 0.080 65.5
a Mean o f 5 animals + SD, determined using O. IN HC1 so lu tion  
b 5$ Tween 80 so lu tion  used
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TABLE . 5 . 2
RATS CONSTANTS FOR THE GASTRIC ABSORPTION OF
N-UETHYLATSD CARBAMATES OF GENERAL STRUCTURE R-O-CO-NCCH^R1:.
R Group R Group Cone.( y.mol/ml)
—1Rate C onstant (min~ ) 
x 100
A bsorption  H a lf-L ife  
(min)
Methyl
n-Propyl
n -P en ty l
Phenyl
Phenyl
Naphthyl
3»4»5~Trimethyl
phenyl
H
H
H
H
Methyl
H
H
10
10
5
5
5
1
0 .7 5 9  + 0 .0 5 1  
0 .9 9 3  + 0 ,1 0 1  
1 .4 1  + 0 .1 1 0  
1 .0 1  + 0 .0 9 2  
1 .1 6  + 0 .0 8 5  
1 .2 8  + 0 .1 1 7
1 .3 2  + 0 .1 0 3
91
7°
49
6 8 .5  
60 
54 ■
52.5
Mean o f 5 animals + SD determined using  
0.1N  HC1 so lu tion
TABIE 5*3
RAIS CONSTANTS FOR GASTRIC ABSORPTION OF n-BUTYL-
CARBAMATE UNDER VARYING CONDITIONS
I n i t ia l  Lumen Contents
Rate,Constant- 
(rain" ) x 100
n-Butyl Carbamate 
Cone, (junol/ml)
Other Carbamate 
Present (Cone.nmol/ml)
10 — 0.770 + 0.049a
5 ■ 0.776 + 0 . 02113
1 — 0.821 + 0 . 030^
0.5 - 0.750 + 0.025^
5 Ethyl Carbamate (5) 0.820 + 0 . 072a
5 t-B utyl Carbamate (5) 0.710 + 0 . 063a
5 n-Hexyl Carbamate (5) 0.770 + 0.039a
Mean o f 5 animals ■+ SD 
Mean o f 2 animals + range 
Using O.IN HCl so lu tion
- 1 7 5 -
DISTRIBUTION OP CARBAMATE IN STOMACH AFTER 1 HOUR
Carbamate Studied 
(conc. /amol/ml)
-  ^
fo Carbama/fce Present
Lumen Washing Tissue
Ethyl Carbamate 
(10)
n-Butyl Carbamate 
(10)
n-Hexyl Carbamate 
( 5 )
73.1 + 3.07 
64.5 + 3.57 
45.34 + 1.27
2.59 + 0.59  
1.28 + 0 .4 1  
2.54 + 0.72
2 .4 5 + 0 .3 6  
3.06 + 1.51  
2.32 + 1.21
& Mean o f 4 animals + S.D* determined using  
0 .IN HCl so lu tion
TABLE! 5 .5
EFFECT OF 5%> TWEEN 80 OH GASTRIC ABSORPTION 
OF ETHYL, n-BUTYL, n-PSNTYL AND n-HEXYL CARBAMATE
Carbamate 
S tu d ied 9, ■_
(Cone, ^imol/ml)
A bsorption Rate Constant X100
fo R eduction
from
Aqueous^
S o lu tio n
from
S u rfactan tQ
S o lu tio n
in
Rate Constant
E th y l Carbamate 
(3.°)
0 .5 5  + 0 .0 3 0 0 .5 5  + 0 .0 3 3 0 “
n -B u ty l Carbamate 
( 1 0 )
0 .7 6 6  + O.O49 0 .6 9 3  + 0 .0 5 4 9 .5
n -P en ty l Carbamate 
( 1 0 )
1 .0 5  + O.O92 0 .7 8 7  + 0 .1 0 1 2 6 . 0d
n-H exyl Carbamate
( 5)
1 .2 8  + 0 .1 1 0 .9 1 1  + 0 .0 8 2 2 1 . 8e
In  0.1N  HCl . s o lu t io n  
Mean o f  5 anim als + SD 
Mean o f  4 anim als + SD 
S ig n if ic a n t ly  d if f e r e n t  (p ^ 0 .0 5 )  
S ig n if ic a n t ly  d if f e r e n t  (p ^ O .O l)
- 1 7 7 -
TAB IB ,5 , 6 .
EFPBCT OF Jfo TVJBBIT 80 PIT TUB GASTRIC ABSORPTION 
OP n-HBPTYL AIIB n-QCTYL CARBAMATE
n-Heptyl Carbamate n-Octyl Carbamate
Observed 0*749 0.77
Theoretical using Eq 14 1.6 1*95
($ Reduction) (53.2$) ( 6O.55Q
Theoretical using Eq 16 1.43 1.70
(fo Reduction) (41.6%) (54.7$)
Tlieoretical using Eq 17 1.30 1.29
(fo Reduction) (42.450 (40.350
TABLE 5*7 
EFFECT OF pH ON GASTRIC ABSORPTION
Carbamate
Studied.
(cone, ymol/ml)
Q
Absorption Rate Constant X100
pH l .5 b pH 3° pH 6°
Ethyl Carbamate 
(10) 0.55 + 0 . 0 3 0.51 + 0.025 0.51 + 0 . 0 3
n-Butyl Carbamate 
(10) 0.766 + O.O49 0.67 + 0.09 0.78 + 0 . 0 3
n-Hexyl Carbamate
( 5)
1.28 + 0.11 1.47 + 0.15 1.21 + 0.10
a Mean o f  5 animals + S.D*
Ti
0.11T HCl so lu tion  used. 
c 0 ,1M Citrate-phosphate Buffer used.
•CHAPTER SIX 
INTESTINAL ABSORPTION OF CARBENOXOLGNE
INTRODUCTION
Carbenoxolone i s  a drug used in  treatm ent o f g a s tr ic  and duodenal 
u lce rs  (Robson and S u lliv a n , 1968). I t  i s  a d ib a s ic  a c id  w ith  pK1 6 .7  
and pK2 7 .1 . I t ’ s chem ical s tru c tu re  i s  shown below .
CH COOH
CH
\ CH CH,
CO—o
CH
CH
COOH
According to  the B rod ie, Schanker p H -p a rtitio n  h y p o th esis  (see  
Chapter 1, s e c t io n  B ) as carbenoxolone i s  a weak acid  i t  should be 
absorbed most e f f i c i e n t l y  from the stomach s in c e  i t  i s  la r g e ly  
u n d isso c ia ted  a t pHs .below 6 .2 .  However th is  drug i s  much more 
l ip o p h i l ic  than any o f  the compounds stu d ied  by the above workers 
when form ulating th e ir  h y p o th e s is . In view  o f the l i p o p h i l i c i t y  
parabola e s ta b lish e d  fo r  the in t e s t in a l  absorption  o f carbamates i t  i s  
con ceivab le  th a t carbenoxolone may be absorbed fa s t e r  when io n is e d  
than in  i t s  u n ion ised  form. The weak acid s s tu d ied  by B rod ie , Schanker 
and coworkers, whether f u l ly  io n is e d  or not p ossessed  p a r t it io n  
c o e f f ic ie n t s  on the p o s it iv e  p o rtio n  o f the parabola . The p a r t i t io n  
c o e f f i c ie n t  for  the unionised compound i s  nearer the apex o f  the 
l ip o p h i l ic i t y  parabola than th a t o f  the io n is e d  form and th ere fo re  i t  
might be expected  to be absorbed f a s t e r .  Many a c id s (eg carbenoxolone) 
may p o ssess  p a r t it io n in g  p ro p ertie s  on the n eg a tiv e  Slope o f  the  
parabola and in  th ese  cases absorption  o f  the io n ise d  s p e c ie s  w i l l  be 
fa s te r  than the u n ion ised  form.
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Downer e t  a l (1970) in v e s t ig a te d  the absorption  o f  carbenoxolone in
humans and in te r p r e t^ e d  the b lood p r o f i le s  in  terms o f  the p H -p a rtitio n
h y p o th e s is . Hox^eversubsequent s tu d ie s  by Lindup, e t  a l  (197o) and Humphrey
(1972) c o n f l i c t  w ith  th is  ex p la n a tio n . Downer e t  a l reported  peak plasma
con cen tra tion  o f  carbenoxolone, between 1-2 hours fo r  3 p a t ie n t s ,  but a
fou rth  p a t ie n t  d id  not show a peak plasma co n cen tra tion  u n t i l  6 hours
a f te r  a d m in istra tio n . The in d iv id u a l v a r ia t io n  would be c o n s is te n t  w ith
d if f e r in g  r a te s  fo r  g a s tr ic  emptying s in c e  Humphrey (1972) has noted
v ir tu a l ly  com plete in s o lu b i l i t y  o f  th is  a c id  a t  pH 1 and a su sp en sion  i s
n o t l ik e ly  to be r e le a se d  in to  the duodenum in  t o t o , but in  "piecem eal"
fa sh io n . Downer, e t  a l  (1970) observed in  3 o f  th e  p a t ie n ts  a second
plasma maximum occu rrin g  3-6 hours a f te r  dosage, which was th^ought to be
en tero h ep a tic  c ir c u la t io n .  However, absorption  o f carbenoxolone from a
duodenal r e le a s e  capsu le (Lindup, e t  a l , 1970) did not show a second
plasma maximum. T h erefore, an a lte r n a t iv e  exp lan ation  fo r 'th e  second plasma
maximum in  the s tu d ie s  o f  Downer, e t  a l (1970) could be the p e r io d ic
ab sorp tion  from the g a s tr o in te s t in a l  t r a c t .  Moreover, th e in te r - s u b je c t
v a r ia t io n  in  the absorption  p a ttern 1 may be s im ila r ly  a ttr ib u te d  to
v a r ia tio n s  in  the r a te  o f r e le a s e  o f the carbenoxolone from the stomach.
Downer e t  a l  (1970) a lso  reported  th a t ad m in istra tion  o f carbenoxolone
in  a b£c arbonate b u ffe r  a t pH 8 .5  r e su lte d  in  very low ab sorp tion  r a te s
which were in te r p r e te d  by the authors to be due to  the poor p erm ea b ility
c h a r a c te r is t ic s  o f  the io n is e d  sp ec ies*  However only  two su b je c ts  were
used , and on ly  one o f  th ese  showed any plasma peak w ith in  2 hours a f t e r
dosage. The duration  o f  the experim ent was not long enough to c o n c lu s iv e ly
d ecide th a t delay in  g a s tr ic  ab sorp tion  was occu rr in g , s in a e  prev ious
absorption  s tu d ie s  showed "that th ere  was a co n sid erab le  in te r - s u b je c t
v a r ia t io n , and b icarbon ate  ions have p rev io u s ly  been shown to  decrease
the ra te  o f  g a s tr ic  emptying (Fordtran and C o lly n s, 1 9 66 ).
*
D irec t ev idence o f  poor ab sorp tion  o f carbenoxolone from the stomach o f  
r a t (Humphrey, 1972) and s q u ir r e l monkey (Lindup, 1971) a lso  c o n tr a d ic ts  the  
in te r p r e ta t io n  o f  Downer and coworkers. (1970). There i s  th ere fo re  good 
ev idence that a la r g e  percentage o f  a carbenoxolone dose i s  passed  in to  the 
sm all in t e s t in e  p r io r  to ab sorp tion . In order to r e s o lv e  the in terdependence  
o f  pH and l i p o p h i l i c i t y  in  c o n tr o ll in g  carbenoxolone ab sorp tion  in  rat^ th e  
fo llo w in g  s tu d ie s  were in i t i a t e d .
RESULTS
Carbenoxolone i s  a la rg e  m olecule (M.Wt. 571) whose apparent 
p a r t it io n  c o e f f i c ie n t  v a r ie s  by two orders over a pH range o f  two u n its  
e ith e r  s id e  o f  i t s  pKa. Table 6 .1  p resen t the p a r t it io n  c o e f f i c ie n t s  
o f  th is  compound to g eth er  w ith  the fr a c t io n  u n ion ised  (u sin g  the pKa 6 .7 )  
a t  various pHs between 5 -8 . The interdependence between p a r t i t io n  
c o e f f i c ie n t  and pH i s  fu rth er  em phasised in  F ig  6 .1 .
Table 6 .2  and F ig  6 .2  p resen ts  the in  v it r o  ab sorp tion  data fo r  
carbenoxolone a t pHs 5 .0 ,  5 .8 ,  6 .2 ,  6 . 8 , 7 .4  and 8 .0 .  The tr a n s fe r  ra te  
( in  u n its  o f  % carbenoxolone/cm 2 /h r) in creased  as the pH va lu e in crea sed  
from 5 to 8 and the absorption  ra te  a t  pH 8. was more than seven  tim es 
f a s t e r  than th a t recorded a t  pH 5 , % Carbenoxolone t is s u e  bound/cm2
a f t e r  one hour in cu b ation  decreased  as the pH in creased  but was always 
con sid erab ly  h /^her than the absorption  ra te  a t : the same pH (see  F ig  6 .2 ) .  
R atios o f  % t is s u e  bound/% tra n sferred  v a r ied  from 2 (pH 8 ) to n ea r ly  50 
(pH 5 ) .  However the lim ite d  s o lu b i l i t y  o f  th is  drug a t low pHs may 
r e s u lt  in  i t s  d is s o lu t io n  in  the gut t i s s u e  or ab sorp tion  onto the mucosal 
su r fa c e , thus e le v a t in g  the % t is s u e  bound f ig u r e s .  Measurement o f  the  
amount o f  carbenoxolone in  true s o lu t io n  a t tim e zero (Table 6 .2 )  endorsed  
th is  v iew .
The r e la t io n s h ip  between absorption  ra te  in  v i t r o , s o lu b i l i t y  and pH 
i s  shown in  F ig  6 .3 a , and a n a ly s is  o f the co n cen tra tion  o f io n is e d  and 
u n ion ised  carbenoxolone a t the d if f e r e n t  pHs stu d ied  in d ic a te d  th a t the  
io n is e d  form was p r e fe r e n t ia l ly  absorbed (F ig  6 .3 b ) .
A n alysis  o f  the s e r o so l f lu id  showed th a t no m etabolism  Qf  
carbenoxolone had occurred during passage through the in t e s t in a l  t i s s u e .
The absorption  o f carbenoxolone w as;a ls o  determ ined u sin g  th e  in  s i t u  
p erfu sio n  tech n iq u e. As shown in  Table 6 .3  the con cen tra tio n s o f  drug 
adm in istered  a t  pHs above 5 were below i t s  true aqueous s o l u b i l i t y .  The 
co n cen tra tion  o f carbenoxolone a t pH 5 was however in  ex cess  o f  i t s  aqueous 
s o lu b i l i t y  a t th a t pH.
T yp ica l p lo ts  o f  the fr a c t io n  rem aining in  the lumen w ith  tim e are
shown in  F ig  6 .4 .  In each case a bIexpone n t ia l  lo s s  was observed
in d ic a t in g  th a t two p ro cesses  were in vo lved  in  the removal o f  the drug 
from the lumen t Separation  o f the two p ro cesses  was ach ieved  by 
"feathering"  (G ib a ld i, 1973). The f a s t  d is p o s it io n  phase (a) and the slow  
d is p o s it io n  phase (3) ra te  con stan ts (see  Chapter 2 , s e c t io n  E ) are l i s t e d
in  Table 6 .3 .  I t  has been su ggested  th a t the second p rocess r e s u l t s  from
FIG 6,1 APPARENT PAHTITION COEFFICIENTS FOR CAR3EFTOXOION3 AT VARIOUS pHS
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accum ulation o f the drug in  the in t e s t in a l  t is s u e  (D o lu is io , e t  a l , 1970), 
th e r e fo r e  the fo llo w in g  k in e t ic  model may be en v isaged .
h *
Lumen T issu e
V
ka
Blood System
where and are the ra te  con stan ts fo r  tr a n sfe r  from lumen to t is s u e  
and t is s u e  to lumen r e s p e c t iv e ly ,  and the true absorption  r a te .
M athem atically  the lo s s  from the lumen may be d escrib ed  by th e two 
ex p o n en tia l equation  -
_ . - a t  _ - $ tL = Ae + Be
The v a lu es o f  A, B, a and B are determ ined from the sem ilog  p lo ts  (eg  
F ig  6 .4 )  and the ra te  con stan ts (see  Table 6 .3 )  fo r  th is  two compartment 
model were c a lc u la te d  as o u tlin ed  in  Chapter 2 , s e c t io n
As the pH was lowered the absorption  ra te s  decreased r e g u la r ly , as 
measured by 3 and K^. However the ra te  con stan ts fo r  t is s u e  accum ulation  
(a , and K ^ ) and the Tissue/Lumen r a t io s  (obtained  from a t
pHs 7 .4 ,  7 .1 ,  6 .8  and-6 .5  remained co n sta n t. This in d ic a te d  th a t the  
p ro cesses  o f  t is s u e  b ind ing and absorption  can be con sid ered  se p a r a te ly  
and on ly  the absorption  p rocess was pH s e n s i t iv e .  This assum ption was 
found n o t to hold  a t pH 5 where e x te n s iv e  t is s u e  accum ulation occurred  
due ,to decreased  s o lu b i l i t y .
At the com pletion o f  each experim ent the amount o f  carbenoxolone in  the  
t is s u e  was determined and th e se -r e su l ts  are presen.ted in  Table 6 .4 .  Again, a t  
pH 5,1 eve Is  o f  carbenoxolone are con sid erab ly  h igh er  than a t  the h ig h er  pHs. 
A lso shown in  Table 6 .4  are the b i l ia r y  e x c r e tio n  ra te s  o f carbenoxolone  
fo llo w in g  ad m in istra tion  u sing  the in  s i t u  procedure. F ig  6 .5  shows ty p ic a l  
p lo ts  o f  accum ulative percentage o f  carbenoxolone ex cre ted  in  the b i l e  w ith  
tim e. The b i l ia r y  e x c r e t io n  r a te s  p r o g r e ss iv e ly  decreased  as the pH was
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low ered from 7 .4  to  5 .0 .
F ig  6 .6  summarises the in  s i t u  data . A bsorption ra te s  ($ and K )^ 
and b i l i a r y  e x c r e t io n  r a te s  are p lo t te d  a g a in st the fr a c t io n  o f  carbenoxolone  
u n io n ised  a t  the pHs s tu d ie d . A ll  three parameters show a n eg a tiv e  
dependence on the fr a c t io n  u n ion ised  (U ), as i l lu s t r a t e d  in  the fo llo w in g  
r e g r e ss io n  eq u a tio n s.
Ka  =-0.0726 (±0 . 0052JO* + 0 .101 (±0.0022) Eq 17'
n = 4 r = 0 .995  s =  0 .00176
3 =-0.0431 (±0.0028)17 + 0 .0584  (±0.0012)
n = 4 r = 0 .996  s = 0.00095
B il ia r y  E xcretion
Rate = -11 .66  (±1.26)17+  16.69 (±0 .520)
n = 4 r = 0 .989  s = 0 .424
A ccording to Crouthamel e t  a l  (1971) the in te r c e p ts  o f  th ese  equations
at*lJ = 0 ( t o t a l ly  io n ise d )  and U = 1 ( t o t a l ly  u n ion ised ) correspond to  the
r a te s  fo r  the io n is e d  (K^) and u n ion ised  (K^) s p e c ie s ,  r e s p e c t iv e ly .  The
v a lu es  o f  th ese  parameters are g iven  in  Table 6 .5 .  The r a t io  Kj/Ku i s
very s im ila r  u sin g  each method o f  a s se s s in g  the ab sorp tion  ra te  (3 .6 3  -  3 .8 9 ) .
Equations 17, 18 and 19 were used to c a lc u la te  the ra te  co n sta n ts  
fo r  carbenoxolone at pH 5. These th e o r e t ic a l  v a lu e s , to g e th er  w ith  the  
observed va lu es are p resen ted  in  Table 6 . 6 . They confirm  th a t a t pH 5 
th e ra te  o f  ab sorp tion  o f  carbenoxolone a t  the dose o f  120 yg/m l i s  lim ite d  
b y - i t s  low aqueous s o lu b i l i t y .
Eq 18
Eq 19
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DISCUSSION
The apparent p a r t it io n  c o e f f i c ie n t  o f carbenoxolone was found to vary 
from 908 a t  pH 5 (98% u n ion ised ) to  14 a t  pH 8 (5% u n io n is e d ) . I f  the  
“l i p o p h i l i c i t y  parabola"dem onstrated fo r  carbam ate.absorption  i s  a p p lica b le  to  
carbenoxolone then th is  compound should  be absorbed fa s t e r  from the in t e s t in e  
in  i t s  io n is e d  form.
P relim inary s tu d ie s  u sin g  everted  gut sacs in d ic a te d  th a t s o lu b i l i t y  and p. 
were the prime determ inants o f  the absorption  ra te  o f  carbenoxolone from, the 
in t e s t in e .  In co n tra st  to many a c id ic  drugs (Schanker, 1960) carbenoxolone  
appears to  be absorbed fa s t e r  a t pHs where the io n ise d  s t a t e  predom inates.
This was confirm ed u sin g  the in  s i t u  procedure a t carbenoxolone co n cen tra tio n s  
below  i t s  aqueous s o lu b i l i t y  l im it s  a t each pH.
No m etabolism  was ev id e n t u sin g  the gut sac method and the r a te s  o f  
b i l ia r y  e x c r e t io n  o f  the drug fo llow ed  the same p a ttern  as the disappearance  
r a te s  from the in t e s t in a l  lumen in  s i t u . Therefore the ab sorp tion  p rocess  
appears to be the r a te  l im it in g  s tep  in  c o n tr o ll in g  the l e v e ls  o f  
carbenoxolone in  v iv o .
E xten sive t is s u e  b in d in g  o f  the drug was observed in  v i t r o . The r a t io s  
o f  % t is s u e  bound/% tra n sferred  were con sid erab ly  h igh er than those  
observed for  the carbamates (see  Chapter 4) where the h ig h e s t  r a t io  was 
approxim ately 1 fo r  n -o c ty l  carbamate (a compound w ith  a p a r t i t io n  
c o e f f i c ie n t  o f  the same order as th a t o f carbenoxolone a t  pH 5 ) .  T herefore  
i t  i s  u n lik e ly  th a t the high % carbenoxolone which accum ulated in  the t is s u e  
was due e n t ir e ly  to b in d in g  to t is s u e  proteins and l i p i d s .  The s o lu b i l i t y  
checks confirm ed th ese  doubts and su ggested  th a t p r e c ip ita t io n  or ad sorp tion  
to the gut sac  ep ith e liu m  was s ig n i f ic a n t .
This com p lica tin g  fa c to r  was removed in  the in  s i t u  s tu d ie s .  At pHs 
7 .4  -  6 .5  s o lu b i l i t y  was not ra te  l im it in g  and the p rocess o f t is s u e  
b in d in g  could  be analysed  se p a r a te ly  from the ab sorp tion  p r o c e ss .
Examination o f  the various b in d in g  parameters showed there was l i t t l e  
r e la t io n sh ip  w ith  the d if f e r e n t  lum em l pHs. T herefore the t is s u e - b in d in g  
p rocess should  n ot compete w ith  the absorption  p r o c e ss . This was confirm ed  
s in c e  the va lu es show good agreement w ith  the 3 v a lu e s . The l a t t e r  i s  
a hybrid ra te  con stan t which in c lu d es  the ra te  con stan ts fo r  t is s u e
accum ulation and a b sorp tion . A lso^determ ination  o f t is s u e  le v e l s  a t the  
end o f  each experim ent show th a t the b in d in g  was r e v e r s ib le  s in c e  only  
low v a lu es were ob ta in ed .
By the use o f  r e g r e ss io n  equations th e o r e t ic a l  v a lu es of. the r a te  con stan t 
were c a lc u la te d  fo r  pH 5 . Comparison w ith  the observed v a lu es show th a t the 
r a te  o f  ab sorp tion  i s  lim ite d  by the aqueous s o lu b i l i t y . .  I t  i s  su r p r is in g  
th a t the d if fe r e n c e s  between observed and th e o r e t ic a l  va lu es are n ot la r g e r ,  
co n sid er in g  th a t the tru e  aqueous s o lu b i l i t y  i s  only 1% o f  th e dose. However, 
the t i s s u e  b in d in g  parameters are con sid erab ly  h igh er a t pH 5 than a t  the  
oth er  pHs s tu d ied . The L/T r a t io  was 0 .8 7  and the % carbenoxolone t is s u e  
bound a t  the end o f  each experim ent averaged 1 1 .6  whereas the v a lu es  a t  
h ig h er  pHs were 0 . 4 0 - 0 . 5 5  and 0 .4 7 - 2 .2 %  r e s p e c t iv e ly .  T herefore i t  
would appear th a t some adsorption  to  the mucosa had occurred .
Contrary to the p H -p a rtitio n  h y p o th esis  (Schanker, 1960) carbenoxolone  
i s  absorbed fa s t e r  in  i t s  io n ic  form than in  i t s  u n ion ised  form. The r a t io  
o f  Kj /K^ f a l l s  w ith in  the narrow range o f  3 .6 3  -  3 .89 when determ ined u sin g  
th ree d if f e r e n t  parameters* Other drugs have been shown to  be absorbed  
in  th e ir  io n is e d  form s, fo r  example s a l i c y c l i c  a c id  (Nogarni and Matsuzama,
1961; D o lu is io  e t  a l , 1969), aminopyrine (Nogami and Matsuzama, 1 9 62 ), 
b arb itcn e  and su lphaeth iodQ le (Crouthamel, e t  a l , 1971). However in  th ese
cases  the r a t io  o f  K^/K^ was le s s  than 1 , in d ic a t in g  th a t ab sorp tion  in  the  
u n d isso c ia ted  form was favoured. The absorption  behaviour o f  carbenoxolone  
i s  th ere fo re  very unusual and req u ires ex p la n a tio n .
I t  remains u n certa in  i f  the carbenoxolone c a tio n  i s  absorbed as such  
or *in th e form o f  an ion  p a ir  (see  Chapter 1 , s e c t io n  B )•  I t  may be th a t  
th is  drug p o sse ss  c h e la tin g  p r o p e r tie s  which would enhance i t s
absorption  only  in  the io n ic  form. The removal o f  Ca2+ from the in t e s t in a l  
membrane by EDTA (see  Chaper 1, s e c t io n  B ) has been shown to  inprove the  
absorption  o f  h y d ro p h ilic  su bstan ces but not l ip id -s o lu b le  compounds (Windsor 
and Cronheim, 1961; Schanker and Johnson, 1961; T id h a ll and P e te r so n , 1961).
I t  i s  a lso  p o s s ib le  th a t the conform ation o f  carbenoxolone m olecule i n  i t s  
io n ic  form tends to  mask the n e g a tiv e  charge.
I t  has been su ggested  in  Chapter 4 th a t an op tim a l1 p a r t i t io n  c o e f f i c i e n t  
e x i s t s  fo r  the in t e s t in a l  absorption  o f  a n u tr ie n ts . The optim al v a lu e  was 
found to  be in  the reg ion  o f 10 u sin g  the o c ta n o l/b u ffe r  system . As
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carbenoxolone b ecomes f u l l y  io n is e d ,  i t s  o c ta n o l /b u f fe r  p a r t i t i o n  
c o e f f i c i e n t  approaches th is  v a lu e .  Therefore the carbenoxolone  
absorption  data appears to conform to the same model as that  
demonstrated for  the carbamates and su g g ests  that the " l ip o .p h i l i c i t y  
parabola" may a ls o  be a p p lica b le  to io n is a b le  drugs.
TABLE 6 .1
APPARENT PARTITION COEFFICIENTS BETWEEN OCTANOL 
AND BUFFER AND FRACTION UNIONISED OF 
CARBENOXOLONE AT VARIOUS pHs
uapH Apparent P a r t i t io n  C o e f f ic i e n t F raction  Unionised^
8 .0 14.2 0 .048
7.4 26 .7 0 .166
7.1 60 0 .2 8 5
' 6o8 214 0 .443
6.5 350 0 .613  .
6 .2 484 0 .760
5 .6 679 0 .926
5 .0 908 0 .980
a. O.IM c itr a te -p h o sp h a te  b u f fe r  used.
b. Using pK  ^ = 6 . 7
TABLE 6 .2
CARBENOXOLONE ABSORPTION DATA FROM EVERTED 
GUT SACS AT VARIOUS pHs
pH % Transferred  /cm2/hr
% T issu e  Bound3, 
/cm2 at 1 hour
% C arb en oxolcjnz 
TruB S o lu t io n  a t  t  = 0
8 0 .520  ± 0 .014 1.14  ± 0 .03
X
100
7.4 0 .466  ± 0 .010 1 .38  ± 0 .0 3 100
6 .8 0 .428  ± 0 .058 1 .57  ± 0 .21 83
6 .2 0 .200  ± 0 . 0 0 9 2 .80  ± 0 .1 0 15 .8
5 .8 0 .097  ± 0 .037 3.00  ± 0 .1 3 2 .1
5 .0 0 .071 ± 0 .017 3.32 ± 0 .11 0 .9
Mean o f  4 animals ± SEM 5d ose  120ug/m l
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TABLE 6.4
PERCENTAGE CARBENOXOLONE3 TISSUE bQUND AND 
BILIARY EXCRETED AT VARIOUS pHs.
pH % T issue Bound a t  t  = 42 min
% B i l ia r y  Excreted  
per hour
7.4 ' 2 .20  ± 0 .14 15 .0  ± 1 . 2
7.1 0 .9 7  ± 0 .11 12.9 ± 1 . 4
6 . 8 1 .36  ± 0 .15 11 .8  ± 0 . 9
6.5 0 .4 7  ± 0 . 1 2 9. 5  ± 0 . 7
5 . 0 11.60 ± 3 . 8 0 2 . 3  ± 0 . 5
R esu lts  obtained  from same animals as used in  the in  s i t u  
absorption experim ents. Mean o f  4 animals ± SD.
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TABLE 6.5
RATE CONSTANTS FOR THE INTESTINAL ABSORPTION 
OF IONISED AND UNIONISED CARBENOXOLONE
Parameter Used KI
Ku \ kt/ k I u
Slow D is p o s i t io n
Phase (3) (min” 1) 0.0584 0.0150 3.89
K (min"1) 
A
0.1010 0.0275 3.67
B i l ia r y  Excr e t io n  
Rate (% dose/hr)
16.69 4 .60 3 .63
TABLE 6.6
OBSERVED AND THEORETICAL RATE CONSTANTS FOR
THE INTESTINAL ABSORPTION OF CARBENOXOLONE AT pH 5
F ast D is p o s i t io n  
Phase (3)(min”' 1) ka(min"1)
B i l ia r y  E xcretion  
per hour
Observed value 0.0105 0.0204 2 .3
T h eo ret ica l  va lue 0.0160 0.0290 4 . 8
% Reduction between
observed and 34.4 29.7 52 .1
t h e o r e t i c a l  va lues
/
; CHAPTER SEVEN
A PHARMACOKINETIC PROFILE FOR
LANDRIN AND CARBARYL
INTRODUCTION TO THE F.ATE OF AROMATIC N-METHYL CARBAMATES
. ............ . IN MAMMALS
The f a t e  o f  a r o m a t i c  N - m e t h y l  c a r b a m a t e s  i n  mammals i s
o f  c o n s i d e r a b l e  t o x i c o l o g i c a l  i m p o r t a n c e  In  v i e w  o f  t h e i r  
w i d e s p r e a d  u s e  a s  p e s t i c i d e s .  Numerous  s t u d i e s  on t h e  
m e t a b o l i s m  o f  t h e s e  c o m p o n e n t s  h a v e  b e e n  p u b l i s h e d  b u t  l i t t l e  
i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  k i n e t i c s  o f  t h e  p r o c e s s e s  
g o v e r n i n g  t h e i r  a b s o r p t i o n ,  d i s t r i b u t i o n  and e l i m i n a t i o n .
P r e v i o u s  s t u d i e s  i n d i c a t e  t h a t  a r o m a t i c  N - m e t h y l  c a r ­
b a m a t e s  a r e  d e t o x i f i e d  by a t  l e a s t  two d i f f e r e n t  p r o c e s s e s .
The p r i n c i p l e  r o u t e  o f  m e t a b o l i s m  i s  o x i d a t i v e  i n  n a t u r e  and  
i s  a s s o c i a t e d  w i t h  t h e  m i x e d - f u n c t i o n  o x i d a s e s  o f  t h e  l i v e r  
( F u k u t o ,  1 9 7 2 ;  Knaak,  1 9 7 1 ;  D o r o u g h , 1 9 7 0 )  . D e p e n d i n g  on t h e  
f u n c t i o n a l  g r o u p s  i n  t h e  m o l e c u l e  a v a r i e t y  o f  r e a c t i o n s  c a t a ­
l y s e d  by t h e s e  e n z y me s  may o c c u r  ( s e e  C h a p t e r  1 ,  s e c t i o n  F ) .
The m e t a b o 1 i t e s c o n t a i n i n g  h y d r o x y l  g r o u p s  a p p e a r  to  be  l a r g e l y
c o n j u g a t e d  to  g i v e  w a t e r  s o l u b l e  g l u c u r o n i d e s  and s u l p h a t e s  
( F u k u t o ,  1 9 7 2 ;  D o r o u g h ,  1 9 7 0 ) .  .
A n o t h e r  i m p o r t a n t  m e t a b o l i c  p a t h w a y  i s  c l e a v a g e  o f  t h e  
c a r b a m a t e  m o i e t y .  The m e c h a n i s m  r e m a i n s  u n c e r t a i n  and two  
p o s s i b i l i t i e s  e x i s t :
1 .  . E s t e r a s e  a c t i o n H 2 U
' P h - 0 - C 0 - N H M e ------ ^PhOH + C 02 + MeNH2
2 .  N - m e t h y l  h y d r o x y l a t i o n
L°]
Ph-O-CO-NHMe --------------- f  Ph-O-CO-NHCH20H
-HCHO
V
Ph-O-CO-NH 2
I '
Ph -  OH + C 02 + NH3
The s i x  m a i n  t y p e s  o f  e s t e r a s e s  a r e  l i s t e d  b e l o w  w i t h  
t h e i r  t i s s u e  d i s t r i b u t i o n  • ~
E s t e r a s e  D i s t r i b u t i o n
A c e t y l c h o l i n e s t e r a s e  CNS; S y m p a t h e t i c  g a n g l i a
Ps e ud . oc ho l  i n e s  t e r a s  e CNS  ^ P l a s m a  L i v e r ,  I n t e s t i n a l
Mu c o s a
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A l i e s t e r a s e  ( B - e s t e r a s e )  
A c e t y l e s t e r a s e  
A r y l e s t e r a s e  
C - e s t e r a s e
L i v e r ,  K i d n e y ,  E r y t h r o c y t e s  
L i v e r ,  K i d n e y ,  E r y t h r o c y t e s  
P l a s m a ,  E r y t h r o c y t e s  
E r y t h r o c y t e s '
D i r e c t  h y d r o l y s i s  o f  c a r b a r y l  C l - n a p h t h y l  N - m e t h y l c a r b a m a t e )  
and p - n i t r o p h e n y l  N - m e t h y l c a r b a m a t e  b y  a p l a s m a  aLKumln f r a c t i o n  
w h i c h  h a s  b e e n  s e p a r a t e d  f r om t h e  b l o o d  e s t e r a s e s  h a s  b e e n  
shown by C a s i d a  and A u g u s t i n s s o n  ( 1 9 5 9 ) .  A l s o  t h e  e t h y . l  , 
n - p r o p y l  and i - p r o p y l  c a r b a m a t e s  o f  p - n i t r o p h e n o 1 w e r e  h y d r o l y s e d  
by t h e  same p l a s m a  p r o t e i n  b u t  n o t  by a r y l e s t e r a s e , c h o l i n e s t e r a s e ,  
c h y m o t r y p s i n , l i p a s e ,  p a p a i n  or e gg  a l b u m i n  ( C a s i d a ,  e t  a l , 1 9 6 0 )  . 
I t  i s  p o s s i b l e  t h a t  t h i s  p h e n o m e n /o n  i s  s i m i l a r  t o  t h a t  n o t e d  
by H a w k i n s ,  e t  a l  ( 1 9 6 8 )  who f o u n d  t h a t  human s erum a l b u m i n  was
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a c e t y l a t e d  when e x p o s e d  t o  a c e t y l  s a l i c y c l i c  a c i d  u n d e r  p h y s i o ­
l o g i c a l  c o n d i t i o n s  i j i  v i t r o  .
C h o l i n e s t e r a s e s  a r e  t h o u g h t  to  be  o f  l i t t l e  i m p o r t a n c e  i n  
c a r b a m a t e  d e t o x i f i c a t i o n  ( C a s i d a ,  1 9 6 3 ) .  A l s o ,  k i d n e y  e s t e r a s e s  
a r e  u n a b l e  t o  h y d r o l y s e  more  th a n  1% o f  e i t h e r  Z e c t r a n  ( 4 - d i m e t h y -  
l a m i n o - 3 , 5 - x y l y 1 N - m e t h y l c a r b a m a t e )  or  M e s u r o l  ( 4 - m e t h y l t h i o - 3 , 
5 - x y l y l  N - m e t h y l c a r b a m a t e )  f o l l o w i n g  a o n e  hou r  i n c u b a t i o n  w i t h  
a k i d n e y  h o m o g e n a t e  f r om e i t h e r  r a t  or  dog  ( W h e e l e r  and S t r o t h e r ,
I n  c o n t r a s t  t h e r e  i s  e v i d e n c e  t h a t  N - m e t h y l  c a r b a m a t e s  a r e  
h y d r o l y s e d  d u r i n g  t h e i r  p a s s a g e  t h r o u g h  t h e  i n t e s t i n a l  w a l l  
i n  v i t r o , ( P e k a s ,  1 9 7 1 a  and 1 9 7 1 b ;  P e k a s  and P a u l s o n ,  1 9 7 0 ) .  
H o w e v e r ,  a g a i n  t h e  m e c h a n i s m  i s  unknown s i n c e  a v a r i e t y  o f  
d i f f e r e n t  e n z y me s  h a v e  b e e n  d e t e c t e d  i n  t h e  i n t e s t i n a l  m u c o s a  
i n c l u d i n g  h y d r o l y t i c  e n z y m e s  (L e v y  and A n g e l i n o ,  1 9 6 8 ;  Daws on  
and P r o y s e - D a v i s , 1 9 6 3 ;  H a r t i ' a l a ,  1 9 7 3 )  and a r y l  h y d r o c a r b o n  
h y d r o x y l a s e  ( W a t t e n b e r g ,  e t  a 1 , 1 9 7 2 ;  L a k e ,  and P a r k e ,  1 9 7 2 ) .
Ho d gs on  and C a s i d a  ( 1 9 6 1 )  h a v e  shown t h a t  N , N - d i m e t h y l  
c a r b a m a t e  o f  v a r i o u s  s t r u c t u r e s  w e r e  o x i d i s e d  by a r a t  l i v e r  
m i c r o s o m a l  p r e p a r a t i o n  t o  t h e  N - h y d r o x y m e t h y 1 i n t e r m e d i a t e  
w h i c h  g a v e  f o r m a l d e h y d e  on t r e a t m e n t  w i t h  s t r o n g  m i n e r a l  a c i d s .  
The d e a l k y l a t e d  c a r b a m a t e s  w o u l d  be  v e r y  u n s t a b l e  ( D i t t e r t  and  
H i g u c h i ,  1 9 6 3 )  and r a p i d  h y d r o l y s i s  t o  g i v e  t h e  p h e n o l  and C 0 2 
w o u l d  o c c u r .  I t  i s  o f  i n t e r e s t  t o  n o t e  t h a t  a l t h o u g h  t h e  N-  
h y d r o x y m e t h y l  c a r b a m a t e  i s .  a m a j o r  m e t a b o l i t e  f o r  N - m e t h y l  
c a r b a m a t e s  i n  v i t r o  ( L e e l i n g  and C a s i d a ,  1 9 6 6 ;  Oonni t han  and
1 9 7 1 )
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C a s i d a ,  1 9 6 8 )  i t  h as  n o t  b e e n  i s o l a t e d  f ro m u r in e  e i t h e r  i n  
t h e  f r e e  or  c o n j u g a t e d  form ( S u l l i v a n  e t  a 1 , 1 9 7 2 ) ;  Knaak ,  e t  a l ,
1 9 6 5 ) .  I n  a d d i t i o n  l i t t l e  h y d r o l y s i s  o f  t h e  c a r b a m a t e  m o i e t y  
o c c u r s  w i t h  i l l  v i t r o  p r e p a r a t i o n s  ( Oo n n i t h an  and C a s i d a ,  1 9 6 8 ;  
W h e e l e r  and S t r o t h e r ,  1 9 7 1 )  e v e n  w i t h  c a r b a m a t e s  w h i c h  a r e  80%
h y d r o l y s e d  in. v i v o  ( K r i s h n a  and C a s i d a ,  1 9 6 6 ) .
T h e r e f o r e  t h e r e  i s  c o n s i d e r a b l e  e v i d e n c e  t h a t  c l e a v a g e  o f  
t h e  c a r b a m a t e  m o i e t y  o c c u r s  v i a  t h e  o x i d a t i v e  p a t h w a y  and t h a t  
N - h y d r o x y m e t h y 1 c a r b a m a t e s  a r e  i n t e r m e d i a t e s  i n  t h i s  m e t a b o l i c  
r o u t e .  F u r t h e r  s u p p o r t  f o r  t h e  i m p o r t a n c e  o f  t h i s  N - d e m e t h y l a t i o n  
m e c h a n i s m  i s  t h e  s t u d y  o f  K r i s h n a  and C a s i d a  ( 1 9 6 6 )  who f o u n d  
t h a t  r a t s  t r e a t e d  w i t h  v a r i o u s  N - 1IfCH.3 l a b e l l e d  c a r b a m a t e s  
e x p i r e d  25 — 77% o f  t h e  d o s e  a s  1IfC02 i n  48 h o u r s .
The c ompounds  u s e d  i n  t h e  w ork d e s c r i b e d  i n  t h i s  c h a p t e r
w e r e  r a d i o a c t i v i t y - l a b e l 1 ed L a n d r i n  (3 , 4 , 5 - t r  ime t h y l p h e n y l  N -m eth y .l  
c a r b a m a t e )  and C a r b a r y l  ( 1 - N a p h t h y l  N - m e t h y l  c a r b a m a t e ) ;  t h e i r  
s t r u c t u r e s  a r e  shown b e l o w
0 
li
0 - C*- N- CH 3
X  ■
Me/ N ^ X sMe
I
Me
LANDRIN CARBARYL
C* i n d i c a t e s  s i t e  o f  r a d i o —l a b e l l e d  c a r b o n  a t o m s
The p u r p o s e  o f  t h e  w ork  v a s  two f o l d .  F i r s t l y ,  i t  was  p r o ­
p o s e d  to  d e f i n e  t h e  p h a r m a c o k i n e t i c . p r o f i l e  o f  t h e  d i s t r i b u t i o n  
and m e - t a b o l i s m  o f  t h e  two c a r b a m a t e s  i n  t h e  m a l e  r a t .  The  
i n f l u e n c e  o f  r o u t e  o f  a d m i n i s t r a t i o n  was  s t u d i e d  s i n c e  t h e  
e n t r y  o f  t h e s e  compounds  i n t o  t h e  b o dy  may be  o r a l l y  by  a c c i d e n t a l  
s w a l l o w i n g  (w h e r e  t h e  a b s o r b e d  c a r b m a t e  w o u l d  be  c a r r i e d  s t r a i g h t  
t o  t h e  l i v e r )  or  by a b s o r p t i o n  i n t o  t h e  s y s t e m i c  c i r c u l a t i o n  v i a  
t h e  s k i n  or l u n g s .  The f i r s t  p a s s  t h r o u g h  t h e  l i v e r  f o l l o w i n g  
o r a l  a d m i n i s t r a t i o n  h a s  b e e n  shown t o  m a r k e d l y  a f f e c t  t h e  
c l e a r a n c e  o f  f o r e i g n  compounds  f r o m  t h e  bo d y  ( R o w l a n d ,  1 9 7 2 ;  
G i b a l d i ,  e t  a 1 ,  1 9 7 1 ) .
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l>c t u i i u j. y , Lueae  i n v e s c i g a u i o n s  n av e  Deen p l a n n e d  t o  g a m  
i n f o r m a t i o n  on t h e  m e c h a n i s m  and p o s s i b l e  s i t e s  o f  c a r b a m a t e
IV and o r a l  d o s i n g  and c o m p a r i s o n s  w i t h  p l a s m a  e l i m i n a t i o n  r a t e s  
w e r e  made i n  o r d e r  to  a s s e s s  t h e  r e l a t i v e  i m p o r t a n c e  o f  t h e  two  
m e c h a n i s m s  f o r  c a r b a m a t e  c l e a v a g e .  • - •
The p r o p o s e d  m e t a b o l i c  p a t h w a y s  f o r  L a n d r i n  and C a r b a r y l  
a r e  show n b e l o w .
METABOLIC PATHWAY FOR LATTDRIN DETOXICATION ( SLADE AND CASIDA,1970)
OCONHMe
h y d r o l y s i s .  l l l C 0 2 k i n e t i c  s t u d i e s  w e r e  c a r r i e d  o u t  f o l l o w i n g
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RESULTS
A. L a n d r i n  P l a s m a  C o n c e n t r a t i o n s
The p l a s m a  c o n c e n t r a t i o n  o f  L a n d r i n  was  d e t e r m i n e d  a t  
v a r i o u s  t i m e s  f rom t h e  c a r o t i d  a r t e r y  f o l l o w i n g  t h e  a d m i n i s t r a t i o n
o f  a 1 ^ C - l a b e l 1 ed d o s e  o f  5 0 0 y g / K g  ( B y C i p e r  a n i m a l )  by e i t h e r  
an i n t r a v e n o u s  ( j u g u l a r  or  h e p a t i c  p o r t a l  v e i n )  or  i n t r a d u o d e n a l  
r o u t e .
A d m i n i s t r a t i o n  v i a  J u g u l a r  V e i n
The p l a s m a  c o n c e n t r a t i o n s  a t  d i f f e r e n t  t i m e  i n t e r v a l s  a r e  
show n i n  T a b l e  7 . 1 .  The d e c a y  ( F i g  7 . 1 )  c a n  be  d e s c r i b e d  by  
t h e  b i e x p o n e n t i a l  e q u a t i o n :
Cp -  A e _ a t  + B e " 61'
( s e e  C h a p t e r  1 ,  s e c t i o n  E) w h e r e  A and B a r e  t h e  i n t e r c e p t s  
o f  t h e  s l o p e s  a and 3 r e s p e c t i v e l y  on t h e  o r d i n a t e  and t h e  sum 
o f  A and B i s  Cp° t h e  t h e o r e t i c a l  p l a s m a  c o n c e n t r a t i o n s  a t  t i m e  
z e r o  .
B o t h  a and 3 ( t h e  f a s t  and s l o w  d i s p o s i t i o n  r a t e  c o n s t a n t s ,  
r e s p e c t i v e l y )  w e r e  s h p r t  w i t h  a v e r a g e  h a l f - l i v e s  o f  3 . 2  and
4 3 . 6  m i n u t e s ,  r e s p e c t i v e l y  ( s e e  T a b l e  7 . 2 ) .  The b i e x p o n e n t i a l  
p l a s m a  c u r v e  was  i n t e r p r e t e d  a s  a two c o m p a r t m e n t  o p e n  m o d e l :
i v  L a n d r i n
C e n t r a l  
Compar t me n t  
Vc
k-ct T i s s u e  Compar t m e n t
S
ktc
VT
KE 1
V
c o n s t a n t s  f o r  d i s t r i b u t i o n  o f  t h e  drug  b e t w e e n  t h e  c e n t r a l
and t i s s u e  c o m p a r t m e n t  w h i l e  K was t h e  e l i m i n a t i o n  ( m e t a b o l i s m
E -JL
and e x c r e t i o n )  r a t e  c o n s t a n t  and V and Vm w e r e  t h e  v o l u m e s  o fc T
e a c h  c o m p a r t m e n t .  The v a l u e s  o f  K , K and K - ( s e e  T a b l eC# x 1C El
7 . 3 )  w e r e  c a l c u l a t e d  f ro m t h e  e q u a t i o n  p a r a m e t e r s  A,  B, a and 
3 C see C h a p t e r  1 ,  s e c t i o n .  E)L. TEi"s m o d e l  r e q u i r e s  t h a t  m e t a ­
b o l i s m  and e x c r e t i o n  o c c u r r e d  o n l y  f r om t h e  c e n t r a l  c o m p a r t m e n t  
and t h e  c l e a r a n c e  r a t e . ( C l )  f rom t h i s  c o m p a r t m e n t  i s  e q u a l
t o  V X K _ . c El
As e x p e c t e d  t h e  d i s t r i b u t i o n  r a t e  c o n s t a n t s  Kp and KCl  1C*
w e r e  f a s t  w i t h  mean h a l f - l i v e s  o f  6 . 2 4  and 8 . 9 2  m i n ,  r e s p e c t i v e l y .
The r a t i o  o f  t h e  amount  o f  c a r b a m a t e  i n  t h e  t i s s u e  t o  t h a t  i n  t h e
c e n t r a l  c o m p a r t m e n t  ( o b t a i n e d  f ro m K /K ) was  f o u n d  t o  beC 1 1 c
1 . 4 5 .  The v a l u e  o f  t h e  e l i m i n a t i o n  r a t e  c o n s t a n t  K was  
a p p r o x i m a t e l y  t w i c e  t h e  d i s t r i b u t i o n  r a t e  c o n s t a n t s  and n e a r l y  
3 ~ t i m e s  s l o w e r  th a n  t h a t  o f  t h e  s l o w  d i s p o s i t i o n  r a t e  c o n s t a n t  
3,  T h is  d i f f e r e n c e  b e t w e e n  3 and K_,  ^ c a n  be  e x p l a i n e d  by  t h e  
d i s t r i b u t i o n  o f  L a n d r i n  i n t o  t h e  t i s s u e  c o m p a r t m e n t  w h i c h  
r e s u l t e d  i n  l e s s  c a r b a m a t e  a v a i l a b l e  f o r  i m m e d i a t e  m e t a b o l i s m .
The f r a c t i o n  o f  L a n d r i n  a v a i l a b l e  f o r  e l i m i n a t i o n  f ro m t h e  c e n t r a l  
c o m p a r t m e n t  a t  a ny  t i m e  was 0 . 3 6  ( c a l c u l a t e d  by 3 /K_ s e e  T a b l e
7 . 3 )  .
F i g  7 . 1  d e m o n s t r a t e s  t h e  t i m e  c o u r s e  f o r  t h e  c o n c e n t r a t i o n  
o f  L a n d r i n  i n  t h e  c e n t r a l  c o m p a r t m e n t ,  i n  t h e  t i s s u e  c o m p a r t m e n t  
and e l i m i n a t e d  f r om t h e  c e n t r a l  c o m p a r t m e n t  f o l l o w i n g  i v  a d m i n i ­
s t r a t i o n  v i a  t h e  j u g u l a r  v e i n .  V^ was  402  m i s  (10% o f  bo d y  
w e i g h t )  and t h e  t r u e  t o t a l  v o l u m e  o f  d i s t r i b u t i o n  ( V d s s )  987 m i s  
(24 . 7% o f  bo d y  w e i g h t )  ( s e e  T a b l e  7 . 3 ) .  However  V d s s  c a n n o t  
be  u s e d  a s  a p r o p o r t i o n a l i t y  f a c t o r  t o  r e l a t e . p l a s m a  c o n c e n t r a -
i
t i o n  t o  w h o l e  c o n c e n t r a t i o n  o f  c a r b a m a t e  e x c e p t  a t  o n e  p o i n t  
i n  t i m e  when t h e  r a t e  o f  c h a n g e  o f  t h e  amount  o f  c a r b a m a t e  i n  
t h e  t i s s u e  c o m p a r t m e n t  i s  z e r o .  ( G i b a l d i ,  e t  a 1 , 1 9 6 9 ) .  T h e r e ­
f o r e  Vd3 was c a l c u l a t e d  i n  o r d e r  t h a t  t r u e  v a l u e s  f o r  t o t a l  
carb ,m ate i n  t h e  body  c o u l d  be  a s s e s s e d  t h r o u g h o u t  t h e  t e r m i n a l  
d i s p o s i t i o n  p h a s e  ( 3 ) •  I n  a g r e e m e n t  w i t h  t h e  t h e o r e t i c a l  
p r i n c i p l e s  o f  G i b a l d i ,  e t  a l , ( 1 9 6 9 )  w h i c h  p r e d i c t  t h a t  V d s s
w i l l  g i v e  an u n d e r e s t i m a t e  o f  t h e  t i m e  v o l u m e  o f  d i s t r i b u t i o n ;
Vd3 was g r e a t e r  t h a n  V d s s .
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C a r o t i d  p l a s m a  l e v e l s  f o r  L a n d r i n  o b t a i n e d  a t  v a r i o u s  
t i m e s  a f t e r  a d m i n i s t r a t i o n  v i a  t h e  h e p a t i c  p o r t a l  v e i n  a r e  
p r e s e n t e d  i n  T a b l e  7 . 1 .  A l t h o u g h  t h e s e  f i g u r e s  a r e  l o w e r  
th a n  t h o s e  f o l l o w i n g  i n j e c t i o n  i n t o  t h e  j u g u l a r  v e i n  t h e y  b o t h  
show  a b i e x p o n e n t i a l  d e c r e a s e  w i t h  t i m e  and t h e  r a t e  c o n s t a n t s  
a and 3 d e r i v e d  f r om b o t h  s t u d i e s  a r e  s i m i l a r  ( s e e  T a b l e  7 . 2 ) .
The i n t e r c e p t  v a l u e s  A and B w e r e  l o w e r  and t h e r e f o r e  t h e  
a r e a  u n d e r  t h e  c u r v e  b e t w e e n  t i m e  z e r o  and i n f i n i t y  was  l e s s  
f o r  h e p a t i c  p o r t a l  v e i n  i n j e c t i o n  t h a n  t h e  j u g u l a r  v e i n  i n j e c t i o n .  
The s i t e s  o f  i n j e c t i o n  w e r e  t h e  o n l y  d i f f e r e n c e s  b e t w e e n  t h e  
two s t u d i e s  and t h e r e f o r e  t h e  r e d u c t i o n  i n  a r e a  u n d e r  t h e  c u r v e  
m u s t  be  a t t r i b u t e d  t o  t h e  f i r s t  p a s s  t h r o u g h  t h e  l i v e r .  The  
f r a c t i o n  o f  L a n d r i n  a v a i l a b l e  a f t e r  t h e  f i r s t  p a s s  ( f )  was  
0 . 6 5  t h e r e f o r e  35% o f  th.e d o s e  had b e e n  r e m o v e d .
The mean r a t e  c o n s t a n t s  f o r  L a n d r i n  d i s p o s i t i o n  ( s e e  T a b l e
7 . 3 )  w e r e  s l i g h t l y  l o w e r  f o l l o w i n g  a d m i n i s t r a t i o n  v i a  t h e  h e p a t i c  
p o r t a l  v e i n  t h a n  v i a  t h e  j u g u l a r  v e i n .  T h e s e  d i f f e r e n c e s  w e r e  
s m a l l  b u t  a l a r g e  i n c r e a s e  i n  Vd.  was  n o t e d .  - ■ * - v
I n t r a d u o d e n a l  A d m i n i s t r a t i o n
The mean p l a s m a  c o n c e n t r a t i o n s  o f  L a n d r i n  a f t e r  i t s  i n j e c t i o n  
i n t o  t h e  d u o d e n a l  lum en  i s  shown i n  T a b l e  7 . 1 .  I n  v i e w  o f  t h e  
l a r g e  i n d i v i d u a l  v a r i a t i o n s  i n  t h e  a b s o r p t i o n  p a r a m e t e r s  l i s t e d  
i n  T a b l e  7 . A, t h e  v a l u e s  o b t a i n e d  f o r  e a c h  a n i m a l  a r e  q u o t e d  
s i n c e  mean d a t a  w o u l d  be  m i s l e a d i n g .
W i t h  a l l  f o u r  a n i m a l s  p e a k  p l a s m a  l e v e l s '  w e r e  r e c o r d e d  a t  
5 m i n u t e s  a f t e r  d o s i n g .  T h e s e  l e v e l s -  v a r i e d  F e t v e e n  3 , 6 0 0  -  
5 , 9 0 0  dpm/ml  ( 0 . 5 A  -  0 . 8 9  n m o l e s / m l ) .  The mean h a l f - l i f e  f o r  
t h e  d i s p o s i t i o n  p h a s e  ( 3 )  w a s  59 m i n u t e s ’, som ew h at l o n g e r  th a n  
t h e  c o r r e s p o n d i n g  p h a s e  f o r  i v  a d m i n i s t r a t i o n .  T h i s  i n c r e a s e  
i s  t o  b e  e x p e c t e d  s i n c e  a b s o r p t i o n  and d i s t r i b u t i o n  i n t o  t h e  
t i s s u e  c o m p a r t m e n t  w i l l  c o n t i n u e  a f t e r  p e a k  p l a s m a  l e y e l s  a r e  
a c h i e y e d  and 3L i s  a h y b r id  c o n s t a n t  i n y o l v i n g  t h e  a b o v e  two  
p r o c e s s e s  i n  a d d i t i o n  t o  e l i m i n a t i o n .
The a b s o r p t i o n  r a t e  c o n s t a n t s  (K^) w e r e  c a l c u l a t e d  u s i n g  
t h e  f o l l o w i n g  r e l a t i o n s h i p  (Loo and R i e g e l m a n ,  1 9 6 8 ) :
-210-
w h i c h  i n d i c a t e d  t h a t  t h e  am ount a b s o r b e d  p e r  u n i t  v o l u m e  o f
c e n t r a l  c o m p a r t m e n t  (Ab/ V^)  a t  t i m e  t n  e q u a l s  t h e  p l a s m a  l e v e l
(Cp^ ) p l u s  t h e  t i s s u e  l e v e l  (CT ) p l u s  t h e  amount  e l i m i n a t e d  t n  t n
Cp d t ) .  The d e r i v a t i o n '  o f  e a c h  o f  t h e s e  p a r a m e t e r s
t o
i s  o u t l i n e d  i n  C h a p t e r  1 ,  s e c t i o n  E.  F i g  7 . 2  s ho ws  t h e  t i m e  
c o u r s e  f o r  t h e  c o n c e n t r a t i o n  o f  L a n d r i n  i n  t h e  c e n t r a l  c o m p a r t ­
m e n t ,  i n  t h e  t i s s u e  c o m p a r t m e n t  and e l i m i n a t e d  f rom t h e  c e n t r a l  
c o m p a r t m e n t  f o l l o w i n g  an i d  d o s e  t o  Ra t  L9 .
The e f f e c t  o f  t h e  f i r s t  p as S  th r o u g h .  t h e  l i v e r  f o l l o w i n g
i d  a d m i n i s t r a t i o n  was c a l c u l a t e d  by t h e  r a t i o  o f  t h e  a r e a
u n d e r  t h e  c u r v e  f ro m t i m e  z e r o  t o  i n f i n i t y  f o r  i d  d i v i d e d  by
t h e  c o r r e s p o n d i n g  a r e a  u n d e r  t h e  c u r v e  f o r  i v  ( j u g u l a r  v e i n ) .
The f r a c t i o n  o f  d o s e  ( f )  e n t e r i n g  t h e  c e n t r a l  c o m p a r t m e n t  and
a v a i l a b l e  f o r  m e t a b o l i s m  and s u b s e q u e n t  e l i m i n a t i o n  r a n g e d  f ro m
0 . 5 3  -  0 . 8 4 .  The t o t a l  vo lume,  o f  d i s t r i h u t i o n  f o r  L a n d r i n
f o l l o w i n g  i d  a d m i n i s t r a t i o n  was c a l c u l a t e d  u s i n g  t h e  a r e a  u n d e r
t h e  c u r v e  and t h e  8 r a t e  c o n s t a n t  ( s e e  T a b l e  7 . 4 ) ^  and has- b e e n
d e s i g n a t e d  Vd . G i b a l d i  e t  a l  ( 1 9 6 9 )  Has shown t h a t  Vda r e a    a r e a
and Vd^ a r e  m a t h e m a t i c a l l y  i d e n t i c a l  y e t  ^ a r e a  ^  a ^ i  
c a s e s  l a r g e r  th a n  t h e  VdD o b t a i n e d  f ro m t h e  i v  s t u d i e s .  The
p
v o l u m e  o f  d i s t r i b u t i o n  i n c r e a s e d  w i t h  d i f f e r e n t  r o u t e s '  o f  
a d m i n i s t r a t i o n  i n  t h e  f o l l o w i n g  o r d e r  — i v  C j u g u l a r  ye-inX-  
i v  ( h e p a t i c  p o r t a l  v e i n ) .  id  s u g g e s t i n g  an e f f e c t  o f  t h e  
f i r s t  p a s s  t h r o u g h  t h e  l i v e r .
Bt L a n d r i n  H e t a b o l i s m  S t u d i e s
T a b l e  7 . 5  sh ow s t h e  f a t e  o f  a r a d i o a c t i v e l y >  l a h e l l e d  d os e ,  
o f  L a n d r i n  i n  m a l e  r a t s  48 hours, a f t e r  a d m i n i s t r a t i o n  e i t h e r  
i n t r a v e n o u s l y  C j u g u l a r  v e i n )  C i v ) ,  i n t r a d u o d e n a l l y  ( i d )  or  
i n t r a p e r i t a n e a l l y  ( i p f .  R e c o v e r y  f i g u r e s  v a r i e d  f r o m  9 2 . 6  — 
95.2% and l i t t l e  d i f f e r e n c e  was  f o u n d  b e t w e e n  t h e  t o t a l  p e r ­
c e n t a g e  o f  d o s e  e x c r e t e d  i n  t h e  u r i n e  f a e c e s ,  CO2 o r  r e t a i n e d  
i n  t h e  b o d y .  E x t r a c t i o n  o f  u r in e  w i t h  n —h e x a n e  sh ow ed  t h a t  
> 99.5% o f  t h e  l l f C was  i n  a w a t e r  s o l u b l e ,  f or m  ( i e  m e t a b o l i s  ed)_.
(Ke i /
•212*
The a c c u m u l a t i v e  % d o s e  e x c r e t e d  i n  t h e  f or m  o f  i ‘tC02 
a t  v a r i o u s  t i m e  i n t e r v a l s  i s  shown i n  F i g  7 . 3 .  IV d o s i n g  
r e s u l t e d  i n  t h e  f a s t e s t  CO2 p r o d u c t i o n ,  i d  d o s i n g  was a l i t t l e  
s l o w e r  and i p  c o n s i d e r a b l y  s l o w e r .  F u r t h e r  a n a l y s i s  o f  t h e  
CO2 p r o d u c t i o n  r a t e  i n  t e r m s  o f  % d o s e  h y d r o l y s e d / m i n  ( s e e  
T a b l e  7 . 6 )  s howed  t h a t  i n  e a c h  c a s e  t h e  r a t e  i n c r e a s e d  o v e r  
a p e r i o d  o f  a p p r o x i m a t e l y  1 h our  and t h e n  p r o g r e s s i v e l y  d e c r e a s e d .
A t y p i c a l  s e m i - l o g  s h o w i n g  t h i s  p h enom enon  i s  p r e s e n t e d  i n
F i g  7 . 4  w h e r e  t h e  r a t e  o f  CO2 p r o d u c t i o n  i s  c l e a r l y  a f u n c t i o n
o f  t h e  d i f f e r e n c e  b e t w e e n  two e x p o n e n t i a l s .  The g e n e r a l  e q u a t i o n :
- $ a t  . - a 1 1 c = Be -  Ae
d e s c r i b e s  t h i s  r e l a t i o n s h i p  ( s e e  C h a p t e r  1 ,  s e c t i o n  E ) w h e r e  
a 1 and a r e  r a t e  c o n s t a n t s .
The r a t e  c o n s t a n t  f o r  t h e  e l i m i n a t i o n  o f  L a n d r i n  f r o m  t h e
c e n t r a l  c o m p a r t m e n t  (K - )  o b t a i n e d  f ro m t h e  b l o o d  l e v e l  c u r v e sEl
was 0 . 0 4 6 2 . ,  T h i s  v a l u e  i s  the sum of t h e  r a t e  c o n s t a n t s  f o r  
m e t a b o l i s m  (K^) and e x c r e t i o n  (K^) i e  + K^ , . H o w e v er
< 0.5% 1 4 C i n  t h e  u r i n e  was L a n d r i n ,  t h e r e f o r e  K„ was  c o n s i d e r e d  
t o  be  i n s i g n i f i c a n t .  c a n  be  r e g a r d e d  a s  t h e  sum o f  two
r a t e  c o n s t a n t s  f o r  m e t a b o l i s m ,  w h i c h  g i v e s  r i s e  t o  h y p o t h e t i c a l
m e t a b o l i t e  b l o c k  Ml and w h i c h  g i v e s  h y p o t h e t i c a l  m e t a b o l i t e
b l o c k  M2 b u t  o n l y  Ml c a n  be h y d r o l y s e d  t o  g i v e  C 0 2 «
KEl *M1 + 5M2
CO
D i r e c t ' ,  h y d r o l y s i s  o f  L a n d r i n  i s  n o t  c o n s i s t a n t  w i t h  t h e  v a s t  
d i f f e r e n c e  b e t w e e n  t h e  h a l f - l i v e s  f o r  e l i m i n a t i o n  f r o m  t h e  
p l a s m a  and f o r  CO2 p r o d u c t i o n .  I f  e q u a l s  t h e  sum o f
and t h e n  b o t h  r a t e  c o n s t a n t s  m u s t  be  l e s s  th a n  0 . 0 4 6 2 .
A f t e r  i v  a d m i n i s t r a t i o n ,  a 1 = 0 . 0 6 9 3  and {31 = 0 . 0 0 7 2 9  t h e r e f o r e  
and a 1 -  , t h e  r a t e  c o n s t a n t  f o r  h y d r o l y s i s  o f  Ml
t o  g i v e  C0 2 *
The f o l l o w i n g  m o d e l  f o r  CO2 p r o d u c t i o n  f rom L a n d r i n  c a n  be  
e n v i s a g e d :
K
l x  x CC a r b a ma t e  ___ “___^  ^ C 0 .2
M O h Q A 1 1  f  A
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T h is  m o d e l  d o e s  n o t  a l l o w  f o r  t h e  p o s s i b l e  d i s t r i b u t i o n  o f  
Ml b e t w e e n  a c e n t r a l  and t i s s u e  c o m p a r t m e n t ,  r a t h e r  i t  a s s u m e s  
t h a t  o n e  c o m p a r t m e n t  m o d e l  i s  s u f f i c i e n t  f o r  t h e  p r e s e n t  d a t a .
T a b l e  7 . 9  l i s t s  t h e  v a l u e s  o b t a i n e d  f o r  t h e  r a t e  c o n s t a n t s
K^" and u n d e r  v a r i o u s  c o n d i t i o n s .  S i m i l a r  v a l u e s  w e r e
o b t a i n e d  w i t h  a l l  r o u t e s  o f  a d m i n i s t r a t i o n .  A n i m a l s  w i t h  b i l e
d u c t  c a n n u l a e  a l s o  p o s s e s s e d  s i m i l a r  Kw, b u t  i n s u f f i c i e n tMl
e a r l y  d a t a  w e r e  a v a i l a b l e  f o r  e s t i m a t i n g  t h e  f a s t e r  r a t e  
c o n s t a n t  ( T a b l e  7 . 7 ) .
The r a t e  c o n s t a n t  K.,_ was  c a l c u l a t e d  f r o m t h e  d i f f e r e n c eM2
b e t w e e n  and and was  f o u n d  t o  be  0 . 0 3 8 9  min  .
The a c c u m u l a t i v e  % d o s e  e x c r e t e d  i n  t h e  b i l e  a t  v a r i o u s  
t i m e s  a f t e r  i v , i d  and ip. ,  a d m i n i s  t r  a t i o n  i s  show n i n  F i g  7 . 5 .
The t o t a l  % 1 b i l i a r y  e x c r e t e d  a f t e r  6 h o u r s  was  s i m i l a r  
w i t h  b o t h  i d  and i p  r o u t e s  (9%).  When g i v e n  i v  h o w e v e r  t h e  
% 1IjC b i l i a r y  e x c r e t e d  d o u b l e d  t o  18%. S e m i - l o g  p l o t s  o f  t h e  
% 1I*C e x c r e t e d / m i n u t e  i n  t h e  b i l e  ( s e e  T a b l e  7)  f o r  a l l  3 r o u t e s  
r e s u l t e d  i n  v e r y  s i m i l a r  r a t e  c o n s t a n t s ,  r a n g i n g  f r om 0 . 0 1 0 2 -  
0 . 0 1 0 8 .  A l t h o u g h  b i l e  d u c t  f i s t u l a e  r e d u c e d  t h e  t o t a l  % 1 **0 
f o r m i n g  COg i t  d i d  n o t  a f f e c t  t h e  k i n e t i c s .
F i g  7 . 1 0  p r e s e n t s  a p h a r m a c o k i n e t i c  p r o f i l e  f o r  t h e  f a t e  
o f  L a n d r i n  and i t s  m e t a b o l i t e s  ( w h i c h  c o n t a i n  t h e  c a r b a m t e  
g r o u p )  i n  t h e  m a l e  r a t  f o l l o w i n g  i n t r a v e n o u s  a d m i n s t r a t i o n .
C. C a r b a r y l  P l a s m a  C u r v e s
I n t r a v e n o u s  A d m i n i s t r a t i o n  V i a  J u g u l a r  and H e p a t i c  P o r t a l  
V e i n s
T a b l e  7 . 1 0  p r e s e n t s  t h e  C a r b a r y l  p l a s m a  l e v e l s  a t  v a r i o u s  
t i m e s  f o l l o w i n g  a d m i n i s t r a t i o n  o f  a 1 ‘‘C - l a b e l l e d  d o s e  o f  
500 ] ig /K g  ( 2 y C i p e r  a n i m a l )  i n t o  e i t h e r  t h e  j u g u l a r  v e i n ,  t h e  
h e p a t i c  p o r t a l  v e i n  or  t h e  duode num.  The i v  d o s e  d e c r e a s e d  i n  
a b i e x p o n e n t i a l  f a s h i o n  ( s e e  F i g  7 . 6 )  s i m i l a r  t o  t h a t  n o t e d  
f o r  L a n d r i n .  T h e r e f o r e  t h e  same two c o m p a r t m e n t  m o d e l  was  
a d o p t e d  to  d e s c r i b e  t h e  p h a r m a c o k i n e t i c s  o f  C a r b a r y l  d i s p o s i t i o n  
i n  t h e  r a t .
C o m p a r i s o n  o f  t h e  p a r a m e t e r s  f o r  t h e  b i e x p o n e n t i a l  e q u a t i o n s  
d e s c r i b i n g  t h e  p l a s m a  l e v e l s  o f  C a r b a r y l  f o l l o w n g  i n j e c t i o n  
i n t o  t h e  j u g u l a r  and h e p a t i c  p o r t a l  v e i n s  sh o we d  t h a t  t h e
- 216-
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C o m p a r i s o n  o f  t h e  a r e a  u n d e r  t h e  c u r v e s  b e t w e e n  t i m e  z e r o  and  
i n f i n i t y  sh ow ed  t h e  e x t e n t  o f  the- f i r s t  p a s s  t h r o u g h  t h e  l i v e r . -  
The f r a c t i o n  o f  d o s e  ( f )  r e a c h i n g  t h e  c e n t r a l  c o m p a r t m e n t  was  
0 . 9 2  a f t e r  h e p a t i c  p o r t a l  v e i n  a d m i n i s t r a t i o n .
The r a t e  c o n s t a n t s  f o r  C a r b a r y l  d i s t r i b u t i o n  and e l i m i n a t i o n ,
f o l l o w i n g  i t s  i n j e c t i o n  i n t o  t h e  j u g u l a r  v e i n ,  were- f a s t  C see
T a b l e  7 . 1 2 ) .  The mean h a l f - l i v e s  f o r  L „  and w e r e  8 . 1 50 JL 1 C
and 2 1 . 5 5  m i n u t e s ,  r e s p e c t i v e l y .  The mean h a l f - i f e  f or ,  K_- wasEl
1 6 . 5  m i n u t e s  and t h e r e f o r e  t h e  r a t e  l i m i t i n g  s t e p  i n  t h e  e l i m i n a ­
t i o n  o f  C a r b a r y l  f r om t h e  b o dy  was  t r a n s f e r  f r om t h e .  t i s s u e  
t o  c e n t r a l  c o m p a r t m e n t .  The T/C r a t i o  was  2 . 6 5  and t h e  f r a c t i o n  
o f  C a r b a r y l ' a v a i l a b l e  f o r  e l i m i n a t i o n  f rom t h e  c e n t r a l  c o m p a r t ­
ment  was  0 . 2 1 .  S i m i l a r  v a l u e s  f o r  t h e  a b o v e  p a r a m e t e r s  w e r e
/
o b t a i n e d  f o l l o w i n g  h e p a t i c  p o r t a l  v e i n  a d m i n i s t r a t i o n .  H ow ever  
t h e  l a t t e r  r o u t e  o f  a d m i n i s t r a t i o n  r e s u l t e d  i n  a s l i g h t l y  l a r g e r  
YcJL. - r- .. , ( s e e  T a b l e  7 . 1 2 )  .
I n t r a d u o d e n a l  A d m i n i s t r a t i o n
The C a r b a r y l  p l a s m a  l e v e l s  f o l l o w i n g  i d  a d m i n i s t r a t i o n  a r e  
shown i n  T a b l e  7 . 1 0 .  As f o u n d  w i t h  L a n d r i n ,  a c o n s i d e r a b l e  
v a r i a t i o n  i n  t h e  a b s o r p t i o n  p a r a m e t e r s  was  o b s e r v e d  b e t w e e n  
i n d i v i d u a l s  ( s e e  T a b l e  7 . 1 3 ) .  P e a k  p l a s m a  l e v e l s  o f  1 , 3 0 0  3 , 0 0 0
dpm/ml  ( 0 . 2 9 - 0 . 6 8  n m o l e s / m l )  o c c u r r e d  b e t w e e n  5 .and 2-0 m i n u t e s  
a f t e r  d o s i n g .  The mean h a l f - l i f e  f o r  t h e  d i s p o s i t i o n  p h a s e  was
8 1 . 7  m i n u t e s  and t h e  a r e a  u n d e r  c u r v e  B e t w e e n  tim e- z e r o  and
i n f i n i t y  a v e r a g e d  1 7 0 , 9 0 0  dpm /m iX /m l w h i c h  c o r r r e s p o n d e d  t o  a 
l o s s  o f  23% o f  t h e  d o s e  on t h e  f i r s t  p a s s  t h r o u g h  t h e  l i v e r .
The v o l u m e s  o f  d i s t r i b u t i o n  f o r  CCtrhci^h w e r e  n o t  t h e  same  
f o r  a l l  r o u t e s  o f  a d m i n i s t r a t i o n ;  i v  ( j u g u l a r )  < i v  ( h e p a t i c  
p o r t a l  v e i n )  < i d .  F i g  7 . 6  and 7 . 7 .  d e m o n s t r a t e  t h e  t i m e  c o u r s e  
f o r  t h e  C a r b a r y l  c o n c e n t r a t i o n  i n  t h e  c e n t r a l  c o m p a r t m e n t ,  i n  
t h e  t i s s u e  c o m p a r t m e n t  and e l i m i a t e d  f ro m t h e  c e n t r a l  c o m p a r t m e n t  
f o l l o w i n g  i v  and i d  a d m i n i s t r a t i o n .
D. C a r b a r y l  M e t a b o l i s m  S t u d i e s
The f a t e  o f  1 4 C - C a r b a r y l  i n  m a l e  r a t s  48 h o u r s  a f t e r  i v
( j u g u l a r ) ,  i d  and i p  a d m i n i s t r a t i o n  i s  shown i n  T a b l e  7 . 1 4 .  The  
% d o s e  r e c o v e r e d  i n  C 0 2 , u r i n e ,  f a e c e s  and r e t a i n e d  i n  t h e  b o dy
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f i g u r e s  v a r i e d  b e t w e e n  9 2 . 2  -  9 7 . 9%.  U r i n e  e x t r a c t i o n  w i t h  
n - h e x a n e  s howed  t h a t  l e s s  t h a n  0.7% o f  t h e  l l f C was  o r g a n o -  
s o l u b l e  ( i e  a s  C a r b a r y l ) . .
F i g  7 . 8  p r e s e n t s  t h e  a c c u m u l a t i v e  % d o s e  c o n v e r t e d  t o  
l t f C0 2 a t  v a r i o u s  t i m e  i n t e r v a l s .  C 0 2 o u t p u t  was  f a s t e s t  f o l l o w ­
i n g  i v  d o s i n g  and a d m i n i s t r a t i o n  by  i d  and i p  r o u t e s ^  g a v e  s i m i l a r  
f i n a l  p e r c e n t a g e s  b u t  p r o d u c t i o n  was  s l o w e r .  T a b l e  7 . 1 5  l i s t s  
t h e  a c c u m u l a t i v e  % d o s e  e x c r e t e d  a s ,  and t h e  r a t e  o f  f o r m a t i o n  
o f  (% d o s e  h y d r o y l s e d / m i n )  l l f C 0 2 f o r  a l l  t h r e e  r o u t e s .  S e m i - l o g  
p l o t s  o f  t h e  r a t e  o f  l l f C 0 2 f o r m a t i o n  f rom C a r b a r y l  a t  v a r i o u s  
t im e  i n t e r v a l s  g a v e  g r a p h s  s i m i l a r  t o  t h o s e  o b t a i n e d  f o r  L a n d r i n  
( s e e  F i g  7 . 4 )  . A g a i n  t h e  f a s t  a 1 r a t e  c o n s t a n t  was  t a k e n  t o
b e  K and t h e  s l o w e r  01 t o  be  K.,_ . The l a t t e r  r a t e  c o n s t a n t  c Ml
d i d  n o t  v a r y  g r e a t l y  w i t h  d i f f e r e n t  r o u t e s  o f  a d m i n i s t r a t i o n  or
i n  b i l e  d u c t  c a n n u l a t e d  a n i m a l s  (.0 . 0 0 6 0 3 - 0 . 0 0 7  70 min  , s e e
T a b l e  7 . 1 8 )  and K was s i m i l a r  f o r  i v  and i d  d o s e d  a n i m a l s .c
was c a l c u l a t e d  a s  b e f o r e .  The r a t e  c o n s t a n t s  anc^
K f o l l o w i n g  i v  a d m i n i s t r a t i o n  w e r e  0 . 0 0 6 5 3 ,  0 . 0 3 7 5  and 0 . 0 5 3 3  
 ^1
min , r e s p e c t i v e l y .
The t o t a l  amount  o f  1UC e x c r e t e d  i n  t h e  b i l e  a f t e r  an i v  
d o s e  o f  C a r b a r y l  was  41 . 11% and t h i s  was  h i g h e r  th a n  t h a t  o b t a i n e d  
o v e r  t h e  same 6 h o u r s  p e r i o d  a f t e r  i d  ( 3 2 . 5 6 % )  and i p  C35.35%)  
a d m i n i s t r a t i o n .  S e m i - l o g  p l o t s  o f  t h e  % 1!tC e x c r e t e d / m i n u t e  
i n  t h e  b i l e  a t  v a r i o u s  t i m e  i n t e r v a l s  ( s e e  T a b l e  7 . 1 6 )  g a v e  
b i e x p o n e n t i a l  c u r v e s  and t h e  s l o w e r  r a t e  c o n s t a n t  ( 3 )  was  t a k e n  
a s  t h e  b i l i a r y  e x c r e t i o n  r a t e  c o n s t a n t  ( 0 . 0 0 7 2 9  -  0 . 0 0 8 6 6  mi n  ) .  
B i l e  d u c t  c a n n u l a t i o n s  r e d u c e d  t h e  C 0 2 o u t p u t  o v e r  t h e  6 h ou r  
p e r i o d  s t u d i e d .  IV d o s e d  a n i m a l s  w e r e  a f f e c t e d  more  t h a n  t h o s e  
d o s e d  w i t h  i d  or  i p  s i n c e  t h e  f o r m e r  r o u t e  r e s u l t e d  i n  a f a s t e r  
C 0 2 p r o d u c t i o n  ( s e e  T ab 1 e 7 . 1 7 ) .  The r a t e  c o n s t a n t  was  n o t
a f f e c t e d  w i t h  e i t h e r  r o u t e  o f  a d m i n i s t r a t i o n  ( T a b l e  7 . 1 8 ) .
A p h a r m a c o k i n e t i c  p r o f i l e  f o r  t h e  f a t e  o f  - C a r b ar y l  and  
i t s  m e t a b o l i t e s  ( w h i c h  c o n t a i n  t h e  c a r b a m a t e  g r o u p )  a f t e r  i n t r a ­
v e n o u s  a d m i n i s t r a t i o n  t o  t h e  m a l e  r a t  i s  shown i n  F i g  7 . 1 0 .
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P H A R M A C O K I N E T I C -  P R O F I L E  FOR LANDRIN AND CARBARYL 
M E T A B O L I S M  AND D I S P O S I T I O N  IN T H E . M A L E  RAT
FOLLOWI NG I NTRAVENOUS' ADMI NI STRATI ON
CARBAMATE IN 
CENTRAL COMPARTMENT
Kc 
C 0 2
&TC
CARBAMATE IN 
TISSUE COMPARTMENT
METABOLITE METABOLI TE
M 1 M 2
V
URINE
LANDRIN CARBARYL
Kct 0 - 1 0 6 0 - 0 0 5 0
Kj q  0  - 0 7 5 6 0 • 0 3 2 2
0 - 0 0 7 2 9 0  - 0 0 6 5 3
KM2 0 - 0 3 0 9 0 • 0 3 7 5
- 2 2 4 -
DISCUSSION
The f a t e  o f  b o t h  L a n d r i n  and C a r b a r y l  i n  r a t  c a n  b e  
d e s c r i b e d  by t h e  same p h a r m a c o k i n e t i c  p r o f i l e .  The r a t e  
c o n s t a n t s  f o r  m e t a b o l i s m  a r e  s i m i l a r  f o r  L a n d r i n  and C a r b a r y l  
b u t  t h e  d i s t r i b u t i o n  r a t e  c o n s t a n t s  d i f f e r .  The r o l e  o f  t h e  
t i s s u e  c o m p a r t m e n t  i n  t h e  d i s p o s i t i o n  p r o f i l e  f o r  C a r b a r y l  i s  
v e r y  i m p o r t a n t  s i n c e  t h e  r a t e  c o n s t a n t  f o r  t r a n s f e r  f ro m t h i s  
c o m p a r t m e n t  t o  t h e  c e n t r a l  c o m p a r t m e n t  i s  s l o w e r  t h a n  t h e  
e l i m i n a t i o n  r a t e  c o n s t a n t .  Wi th  L a n d r i n  t h e  c o n v e r s e  i s  t r u e  
and t h i s  i s  c o n f i r m e d  by t h e  l o w e r  v o l u m e  o f  d i s t r i b u t i o n  and  
l o w e r  T/C r a t i o .
The r a t e  c o n s t a n t s  f o j  m e t a b o l i s m  and d i s p o s i t i o n  o f  
b o t h  compounds  a r e  n o t  a f f e c t e d  by r o u t e  o f  a d m i n i s t r a t i o n .
The  a b s o r p t i o n  r a t e  c o n s t a n t s  f r om t h e  i n t e s t i n e  w e r e  s i m i l a r  
and i n  good  a g r e e m e n t  w i t h  t h e  p r e v i o u s l y  d i s c u s s e d  i n  s i t u  
i n t e s t i n a l  r a t e  c o n s t a n t s .  S i m i l a r  a b s o r p t i o n  r a t e  c o n s t a n t s  
w o u l d  be  e x p e c t e d  f o r  L a n d r i n  and C a r b a r y l  s i n c e  b o t h  h a v e  
p a r t i t i o n  c o e f f i c i e n t s  o f  a s i m i l a r  o r d e r  ( 4 6 0  and 2 3 0 ,  
r e s p e c t i v e l y ) .
The e f f e c t  o f  t h e  f i r s t  p a s s  t h r o u g h  t h e  l i v e r  v a r i e d  
w i t h  t h e  two c a r b a m a t e s  b u t  i n  b o t h  c a s e s  t h e  s l o w e r  t h e  r a t e  
o f  e n t r y  i n t o  t h e  l i v e r  ( i e  s l o w e r  K^) t h e  g r e a t e r  t h e  f r a c t i o n  
o f  d o s e  r e m o v e d .  The f r a c t i o n  o f  L a n d r i n  r e a c h i n g  t h e  c e n t r a l  
c o m p a r t m e n t  v a r i e d  f r o m 0 . 5 3  t o  0 . 8 4  f o l l o w i n g  _ h e p a t i c
p o r t a l  v e i n  a d m i n i s t r a t i o n ,  w h e r e a s  t h a t  f o r  C a r b a r y l  v a r i e d  
f r o m  0 . 7 2  t o  0 . 9 2 .  S i m i l a r  phenomena  h a v e  b e e n  r e p o r t e d  f o r  
a s p r i n  ( H a r r i s  and R i e g e l m a n ,  1 9 6 9 ;  R o w l a n d ,  e t  a l , 1 9 7 2 )  
I j L d oc a i n e  ( B o y n e s ,  e t  a l , 1 9 7 0 )  and a l p r e n o l o l  ( P e r r i e r ,  e t  
a l ,  1 9 7 3 )  .
The t o t a l  v o l u m e  o f  d i s t r i b u t i o n  o f  L a n d r i n  and C a r b a r y l  
v a r i e d  a c c o r d i n g  t o  t h e  r o u t e  o f  a d m i n i s t r a t i o n .  H e p a t i c  
p o r t a l  v e i n  a d m i n i s t r a t i o n  r e s u l t e d  i n  a l a r g e r  v o l u m e  t h a n  
d o s i n g  i n t o  t h e  j u g u l a r  v e i n ; and i n t r a d u o d e n a l  a d m i n i s t r a t i o n  
g a v e  a l a r g e r  v o l u m e  t h a n  e i t h e r  o f  t h e  i v  r o u t e s .  T h i s  
p he n o me n o n  w o u l d  a p p e a r  t o  be  r e l a t e d  t o  t h e  f i r s t  p a s s
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t h r o u g h  t h e  l i v e r .  A l t h o u g h  t h e  l i v e r ,  b e c a u s e  o f  i t ’ s 
h i g h  b l o o d  p e r f u s i o n  r a t e ,  i s  u s u a l l y  r e g a r d e d  a s  p a r t  o f  t h e  
c e n t r a l  c o m p a r t m e n t  i t  i s  p o s s i b l e  t h a t  c e r t a i n  b i n d i n g  p r o ­
c e s s e s  w i t h i n  t h i s  o r g a n  do n o t  r e a d i l y  d i s s o c i a t e  and c a n  be  
g r o u p e d  t o g e t h e r  w i t h  t h e  p o o r l y  p e r f u s e d  t i s s u e  c o m p a r t m e n t .  
T h i s  w o u l d  e x p l a i n  why b o t h  t h e  v o l u m e  o f  t h e  c e n t r a l  and  
t i s s u e  c o m p a r t m e n t  i n c r e a s e s .  The r a t e  c o n s t a n t s  f o r  d i s ­
t r i b u t i o n  and e l i m i n a t i o n  d i d  n o t  v a r y  f o l l o w i n g  i v  a d m i n i ­
s t r a t i o n  i n t o  e i t h e r  t h e  j u g u l a r  v e i n  o r  t h e  h e p a t i c  p o r t a l  
v e i n .  U n f o r t u n a t e l y  t h e  a b o v e  r a t e  c o n s t a n t s  c a n n o t  b e  
a s s e s s e d  f o r  o r a l  d o s i n g  (Loo  and R i e g e l m a n ,  1 9 6 8 )  and i t  m u st  
be  a s s u m e d  t h a t  t h e s e  do n o t  a l t e r .
The p e r c e n t a g e  d o s e  o f  b o t h  c a r b a m a t e s  e x c r e t e d  i n  t h e  
b i l e  was  c o n s i d e r a b l y  h i g h e r  a f t e r  i . v .  ( j u g u l a r  v e i n )  t h a n  
a f t e r  i . d .  o r  i . p .  a d m i n i s t r a t i o n .  C o n s i d e r i n g  t h a t  t h e  
p r o c e s s e s  w h i c h  o c c u r  i n  t h e  l i v e r  p r i o r  t o  b i l i a r y  e x c r e t i o n  
i n v o l v e  a t  l e a s t  two s a t u r a b l e  s t e p s  ( c o n j u g a t i o n  and s e c r e ­
t i o n  f r o m  t h e  l i v e r  c e l l s  i n t o  t h e  b i l e )  t h i s  o b s e r v a t i o n  may 
n o t  be  c o m p l e t e l y  i n c o m p a t i b l e  w i t h  t h e  a b o v e  c o n s i d e r a t i o n s  
on l i v e r  b i n d i n g .  I t  may b e  t h a t  t h e  r a t e  o f  a r r i v a l  o f  t h e  
c a r b a m a t e  a t  t h e  l i v e r  may b e  more  c o n d u c i v e  f o l l o w i n g  i . v .  
a d m i n i s t r a t i o n  t h a n  by t h e  o t h e r  r o u t e s .
The amount  o f  C a r b a r y l  d o s e  w h i c h  i s  e x c r e t e d  i n  t h e  
b i l e  i s  d o u b l e  t h a t  o f  a L a n d r i n  d o s e ,  r e g a r d l e s s  o f  r o u t e  o f  
a d m i n i s t r a t i o n .  I n  o r d e r  t o  m e e t  t h e  r e q u i r e m e n t s  f o r  b i l i a r y  
e x c r e t i o n  b o t h  compounds  m u st  b e  h y d r o x y l a t e d  and c o n j u g a t e d ,  
o t h e r w i s e  t h e i r  m o l e c u l a r  w e i g h t  f a l l s  b e l o w  t h e  t h r e s h o l d  
l e v e l  r e q u i r e d  i n  t h e  r a t  ( E i r o m  e t  a l , 1 9 7 2 a ) .
The e x a c t  m o l e c u l a r  r e q u i r e m e n t s  c o n t r o l l i n g  t h e  r a t e  
o f  b i l i a r y  e x c r e t i o n  a r e  unknown ( M i l l b u r n ,  1 9 7 0 )  and i t  i s  
p o s s i b l e  t h a t  t h e  m e r c a p t u r i c  a c i d  c o n j u g a t e s  f o r m e d  by  
C a r b a r y l  ( B e n d ,  e t  a 1 , 1 9 7 1 )  a r e  b e t t e r  s u b s t r a t e s  f o r  t h e  
a c t i v e  p r o c e s s  o f  b i l i a r y  s e c r e t i o n  t h a n  t h e  g l u c u r o n i d e s  o r  
s u l p h a t e s  f o rme d  f r om L a n d r i n .  An a l t e r n a t i v e  e x p l a n a t i o n  i s  
t h a t  L a n d r i n  m e t a b o l i t e s  a r e  r e - a b s o r b e d  f rom t h e  b i l i a r y
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t r a c t  and C a r b a r y l  m e t a b o l i t e s  a r e  n o t .  R e - a b s o r p t i o n  h a s  
b e e n  d e m o n s t r a t e d  f o r  a number o f  b e n z e n e  d e r i v a t i v e s  i n  r a t  
( C l a r k  e t  a l , 19 7 1 ) •
The e l i m i n a t i o n  r a t e  c o n s t a n t s  f o r  L a n d r i n  and C a r b a r y l  
a r e  v e r y  s i m i l a r ;  both,  compounds  h a v i n g  a b i o l o g i c a l  h a l f -  
l i f e  o f  a p p r o x i m a t e l y  15 m i n u t e s .  The c l e a r a n c e  v a l u e s  a r e  
h i g k  f o r  b o t h  c a r b a m a t e s ,  a p p r o x i m a t e l y  20 m i s  p e r  m i n u t e  
w h i c h  a p p r o a c h e s  t h e  v a l u e  q u o t e d  f o r  b l o o d  f l o w  t o  t h e  l i v e r  
( . B i s c h o f f , e t  a l , 1 9 7 1 )  .
E l i m i n a t i o n  a p p e a r s  t o  be  a l m o s t  e n t i r e l y  due  t o  
m e t a b o l i s m  and s i m i l a r  r a t e  c o n s t a n t s  f o r  t h e  f o r m a t i o n  o f  
t h e  h y p o t h e t i c a l  b l o c k s  o f  m e t a b o l i t e ( s )  Ml and M2 w e r e  c a l ­
c u l a t e d  f o r  L a n d r i n  and C a r b a r y l .  The r e l a t i v e  m a g n i t u d e ^ o f  
and d i f f e r  c o n s i d e r a b l y  and i t  s h o u l d  be  r e m e mb er e d
t h a t  r e p r e s e n t s  t h e  sum o f  a l l  t h e  h y d r o x y l a t i o n  r e a c t i o n s
w h i c h  do n o t  i n d i r e c t l y  r e s u l t  i n  c l e a v a g e  o f  t h e  c a r b a m a t e  
m o i e t y .  The p u b l i s h e d  p a t h w a y s  f o r  b o t h  C a r b a r y l  ( F u k u t o ,  
1 9 7 2 )  and L a n d r i n  ( S l a d e  and C a s i d a ,  1 9 7 0 )  s u g g e s t  t h e  c l a s s  
M2 d o e s  r e p r e s e n t  a l a r g e r  number o f  m e t a b o l i t e s  t h a n  c l a s s  
M l .  The i n d i v i d u a l  r a t e  c o n s t a n t s  f o r  t h e  f o r m a t i o n  o f  e a c h  
h y d r o x y l a t e d  m e t a b o l i t e ,  w h e t h e r  i t  i s  f i n a l l y  h y d r o l y s e d  o r  
n o t ,  may w e l l  be  s i m i l a r .
14The t o t a l  p e r c e n t a g e  o f  L a n d r i n  f o r m i n g  C 0^ i s
c o n s i d e r a b l y  h i g h e r  t h a n  t h a t  f o r m e d  f r om C a r b a r y l  and t h e  
14
r a t i o  o f  C i n  C O^ / U r i n e  i s  2 . 8 - 3 . 7  and 0 . 6 - 0 . 7  r e s p e c t i v e l y .  
S i n c e  t h e  r a t e  c o n s t a n t s  i n v o l v e d  a r e  s i m i l a r ,  t h e  n a t u r e  o f  
t h e  m e t a b o l i t e ( s ) Ml m u st  d i f f e r  f o r  t h e s e  two c a r b a m a t e s .  
S u i t a b l e  c a n d i d a t e s  f o r  Ml i n c l u d e  N - h y d r o x y m e t h y 1 c a r b a m a t e s  
s i n c e  t h e s e ,  compounds  h a v e  o n l y  b e e n  i s o l a t e d  f ro m i n  v i t r o  
i n c u b a t i o n s .  T h e s e  m e t a b o l i t e s  a r e  p r o d u c e d  by b o t h  c a r b a ­
m a t e s .  O x i d a t i o n  o f  t h e  r i n g  m e t h y l  g r o u p s  o f  L a n d r i n  t o  
g i v e  c a r b o x y l i c  a c i d s  i s  a m a j o r  d e t o x i f i c a t i o n  r o u t e  and  
s u c h  m e t a b o l i t e s  w o u l d  a l s o  h a v e  an u n s t a b l e  e s t e r  l i n k a g e .
C a r b a r y l  i s  m e t a b o l i s e d  m a i n l y  by h y d r o x l a t i o n  and t h e s e  
compounds  w o u l d  be  c o m p a r a t i v e l y  s t a b l e  c a r b a m a t e  m e t a b ­
o l i t e s .
The d i s t r i b u t i o n  o f  L a n d r i n  and C a r b a r y l  may a l s o  
c o n t r i b u t e  t o  t h e  p r e d o m i n a n c e  o f  p a t h w a y  Ml and M2.
A n a l y s i s  o f  p l a s m a  l e v e l s  o f  C a r b a r y l  show t h a t  K ^ K -
1  L  £ j X
and t h e r e f o r e  s i n c e  r e l e a s e  f ro m t h e  t i s s u e  c o m p a r t m e n t  i s  
r a t e  l i m i t i n g  M2 may be  f a v o u r e d .  T h i s  i s  n o t  t h e  c a s e  f o r  
L a n d r i n  w h e r e  K_ K .
i  L  £ j 1
14
A n a l y s i s  o f  f ° rmat:LOn r a t e s s howed  t h a t  d i r e c t
h y d r o l y s i s  o f  t h e  c a r b a m a t e  m o i e t y  was  h i g h l y  i m p r o b a b l e  and  
c o n t r a r y  t o  t h e  i n v e s t i g a t i o n s  o f  P e k a s  ( 1 9 7 1 a  and 1 9 7 1 b )  
u s i n g  g u t  s a c s ,  t h e  i n t e s t i h a l  m uc o s a  d i d  n o t  p l a y  a r o l e  i n  
c l e a x / i n g  t h e  c a r b a m a t e  g r o u p .
I n  c o n c l u s i o n ,  L a n d r i n  and C a r b a r y l  a r e  a b s o r b e d  f ro m  
t h e  i n t e s t i n e  a t  s i m i l a r  r a t e s  and b o t h  compounds  u n d e r g o  
e x t e n s i v e  m e t a b o l i s m  b e f o r e  t h e y  a r e  e l i m i n a t e d .  The d i s t r i ­
b u t i o n  and m e t a b o l i s m  p r o f i l e  v a r i e s  f o r  t h e s e  two compounds  
and i n  b o t h  c a s e s  t h e  f i r s t  p a s s  t h r o u g h  t h e  l i v e r  f o l l o w i n g  
o r a l  a d m i n i s t r a t i o n  a l t e r s  t h e  f o r m e r  b u t  n o t  t h e  l a t t e r  o f
t h e s e  p r o c e s s e s .  T h e r e  i s  no e v i d e n c e  o f  d i r e c t  h y d r o l y s i s
14o f  L a n d r i n  or  C a r b a r y l .  CO  ^ p r o d u c t i o n  i s  d e p e n d a n t  on t h e  
f o r m a t i o n  o f  m e t a b o l i t e ( s ) Ml and i t  i s  t h i s  compound w h i c h  
i s  h y d r o l y s e d .
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TABLE 7.1
LANDRIN PLASMA LEVELS FOLLOWING INTRAVENOUS 
(VIA JUGULAR AND HEPATIC PORTAL VEINS) OR 
INTRADUODENAL ADMINISTRATION3
Time C arotid  Plasma L evels (dpm/ml) fo llo w in g
a f te r
Dosing
(min)
IV A dm in istration
Via Jugular Vein^ . . cV ia H epatic P o rta l Vein
L.i- CL LJ-UU
2 12,060 ± 259 8,350 ± 350 1,570 + 69
5 8,140 ± 868 6,300 ± 400 4 ,620 + 933
10 5,610 ± 8 2 2 4,000 ± 300 3 ,660 + 1,062
20 3,590 ± 754 2 ,510 ± 1 9 0 2, 250 + 336
40 2,710 ± 810 1,550 ± 2 5 1,740 + 267
60 1,950 ± 481 1,220 ± 20 1 ,430 Hh 268
90 1,200 ± 499 810 ± 9 6 1,040 i 273
120 740 ± 363 540 ± 1 0 5 740 + 227
a Dose = 500 yg/kg (3 yCi per anim al)
b Mean o f 4 animals ± SD
c Mean o f 2 animals ± range
TABLE 7.2
PARAMETERS FOR BIEXPONENTIAL EQUATION DESCRIBING 
THE .DISPOSITION OF AN INTRAVENOUS DOSE OF LANDRIN
Param eter3
(u n its )
IV Dose A dm inistered Via
Jugular Vein3 • • c H epatic P o r ta l Vein
A (dpm/ml) 11,370 ± 1,662 7 ,500  ± 100
B (dpm/ml) 5 ,0 5 0  ± 888 2 ,850  ± 350
Cp° (dpm/ml) 16,420  ± l , 3 4 8 d 10,350 ± 250e
a (min--1) 0 .216  ± 0 .0 4 2 0 . 16 8  ± 0 .0 3 0
t J a (min) 3 .2 0  ± 0 .6 4.12 ± 0 . 8
3 (m in-1) 0.0159 ± 0.00032 0 .0140  ± 0 .025
t j g  (min) 43 .6  ± 8 . 1 49.5 ± 8 . 0
Area under
curve (dpm/min/ml) 382,810 ± 86,220 251,690 ± 20 . 377
f 1 0.65 ± 0 .0 5
a Parameters d efin ed  in  t e x t  and g lo ssa r y  
b Mean ± SD fo r  4 animals
c Mean ± range fo r  2 animals
d E q u iva lent to 2 .49  nm oles/m l
e E quivalent to  1 .57 nm oles/m l
'l'ACL.-H, / .  J
PHARMACOKINETIC PARAMETERS FOR LANDRIN DISPOSITION 
FOLLOWING INTRAVENOUS ADMINISTRATION
Parameter IV Dose A dm inistered Via
(u n its ) Jugular Vein^ • . c H epatic P o r ta l Vein
k ct
(m in -1) 0 .106 + 0 .026 0.0839  ± 0.0104
t5 CT
(min) 6.24 + 1 . 68 8.26  ± 1.34
(m in -1) 0 .0752 + 0 .0 1 7 0 .0571  ± 0 .0141
t | CT (min) 8.92
+ 2 . 7 12 .14  ± 3 . 98
T/C 1.45 + 0 . 30 1.51 ± 0 . 13
h i (m in-1) 0 .0456 + 0 .0118 0.0415  ± 0 .0043
^ E 1 (min) 15.49
+ 4 . 78 16 .70  ± 1 .93
Fc 0 . 36 0 . 34
V ~c (nil) 402
+ 33 -
i
Cl c (ml/min) 18.08
+ 3 . 78 - * . - r
Vdss (ml) 987
+ 124 . .  \  -  . ..
vV 1) 1,147 179 1,919 ± 192
a Parameters d efin ed  in  te x t  and g lo ssa ry  
b Mean ± SD for  4 anim als
c Mean ± range for  2 animals
TABLE 7 .4
PHARMACOKINETIC PARAMETERS FOR LANDRIN ABSORPTION 
FOLLOWING INTRADUODENAL ADMINISTRATION
Parameter3
(u n its ) L7 L8 L9 L10 Mean + SD
ka
(m in -1) 0 .1 9 8 0 . 173 0 .112 0 .173 0.164 + 0 .032
* * a '
(min) 3 .5 4 .0 6 .2 4 .0 4 .4 + 1 .1
Tmax (min) 5 : ■ 5 . . . 5 5 5
Cprmax (dpm)b 5 ,112 5 ,900 3 ,600 3,870 4620 + 933
3 (m in -1) 0 .00924 0 .0119 0 .0154 0.0131 0 .0123 + 0 .0024
(min) 75 58 45 53 59 + 13
Area under
Curve (dpm/ml/min) 254,939 322,839 231,111 203,123 254,380 + 44, 418
f  . 0 . 67 0 . 8 4 0 . 60 0 . 53 0 . 66 + 0 . 11
VdArea (ml) 2,355 1,718 1,854 2 ,480 2 ,1 0 2
a Parameters d efin ed  in  te x t  and g lo ssa r y
b V aries between 0 . 54  -  0 .89 nm oles/m l
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TABLE 7.5
FATE OF LANDRIN 48 HOURS AFTER INTRAVENOUS,
INTRADUODENAL OR INTRAPERITONEAL ADMINISTRATION
Route o f  
Adminis tr a t io n
Q.% Dose Recovered In T o ta l % 
Recovery
C02 Urine Faeces . Body
IV 65.0  ± 1 . 7 17 .7  ± 0 .9 4 ,3  ± 1 .0 7 .5  ± 1 .5 94 .5
ID 62.6 ± 2 . 1 18 . 8  ± 1.2 5 . 1  ± 1 . 1 8. 7  ± 1.2 95 . 2
IP 60.5  ± 3 .8 21 .6  + 2 .0 4 .8  ± 1 .0 5 .6  ± 1 .7 92.6
Mean o f 3 anim als ± SD
TABLE 7 .6
G1 EXCRETION3 OF LANDRIN FOLLOWING INTRAVENOUS'
INTRADUODENAL OR INTRAPERITONEAL ADMINISTRATION
Time 
a f te r  
Dosing  
(hr.m in)
IV A dm in istration ID A dm in istration IP A dm in istra tion
A ccum ulative % 
Dose as CO2
% Dose 
/min
A ccum ulative % 
Dose as C02
% Dose 
/min
A ccum ulative % 
Dose as C02
% Dose 
/  min
10 0 . 48 db 0 17 0 .0 4 8 0 . 11 + 0. 31 0 .011 - -
20 1.58 + 0 23 0 .110 0 . 65 + 0 . 22 0 .0 5 4 - -
30 2.81 + 0 30 0. 123 2 . 36 + 0 . 2 0 0 .171 - -
40 4.36 + 0 25 0 .155 4 . 23 + 0 . 30 0 .187 - -
50 6.82 + 0 25 0.246 7.61 + 0 . 33 0 . 338 - -
1 .00 10.24 + 0 52 0.342 10.80 + 0 . 41
_
0 .319 8.42 ± 0 . 51 0 .1 4 0
1 .10 14.02 + 0 71 0 . 378 13.74 + 0 . 6 6
.
0. 294 -
• -
.
'
1 .20 19.09 + 1 20 0. 507 16.84 + 0 . 57
.
0.312
■
■
_■
- -
_
1.30 22.19 + 1 81 0 .3 1 0 19.84 + 0 . 77 0. 298■ 12.50 ± 0 . 8 9 0 . 13 6
1 .40 25.13 + 1 65 0.294 22 . 18 + 1.23 0. 234
■
■ ■
1.50 27.75 + 1 72 0.262 24.49 + 1.57 0.231
■ ' —
2.0 0 30.17 + 2 06 0.242 27.66 + 1.31 0 .3 1 7 16.56  ± 1.21 0 . 136
2 .3 0 36.37 + 2 57 0.206 33.63 + 2 . 70 0.199 - —
3 .00 41.54 + 3 01 0.172 37.47 + 2.31 0 . 128 24. 73  ± 2 . 1 7
’
.
0. 136
3.30 45 .08 + 2 51 0 .1 1 8 41.12 + 2.52 0.122
.
-
.
4 .00 48.22 + 2 32 0 .104 43.72 +
..
2. 81 0 .086 32.07  ± 2 . 70 0 .122
4 .30 5.0.68 ± 2 56 0.082 47.52 + 3 .01 0 .0 6 3 -
5 .0 0 52.74 + 3 20 0.069 51.17 + 3.79 0 .0 4 4 -
6 .00 55.44 + 3 42 0.045 52.08 + 4.07 0 .031 43.78 ± 3.65 0 . 097
8.00 59 .10 + 3 07 0 .031 57.64 + 4.00 0 .021 51 .22  ± 4 .17 0 .062
12.00 62.91 ± 1 01 0.016 60.34 + 1.20 0 .0 1 0 56. 84  ± 2 . 4 1 0 .012
24 .00 64.97 ± 1 27 - 62.64 + 1.52 - 58.34 ± 2 . 7 0
48.00 64.97 + 1 69
•
62.64 + 2 .1 0
"
58.99 ± 3.83
'
Mean ± SD o f 3 animals
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TABLE 7 .7
BILIARY EXCRETION OF LANDRIN* FOLLOWING INTRAVENOUS,
INTRADUODENAL OR INTRAPERITONEAL ADMINISTRATION
Time
a f te r
Dosing
(h rs)
IV A dm in istration ID A dm in istration IP A dm in istration
Accum ulative % 
Dose in  b i l e
% Dose 
/min
Accum ulative % 
Dose in  b i l e
% Dose 
/m inC
A ccum ulative % 
Dose in  b i l e
% Dosg 
/min
{ 2 . 91 + 0 . 48 0. 194 0.62 + 0. 27 0 .041 0 . 36 + 0 . 1 8 0 .0 2 4
■ i 5 .27 + 1. 34 0 . 224 1.69 + 0.29 0.  o71 1.93 + 0 . 13 0.105
3
4 7.45 + 1.23 0.145 3.25 + 0 . 51 0 .104 3.14 + 0.45 0.105
1 9 . 31 + 1.49 0.137 4.64 + 0 . 91 0.052 4.17 + 0 . 78 0.069
*1 12.01 + 1.17 0 .090 5.82 + 0 . 83 0.042 5.52 + 0 . 66 0.045
2 14.01 + 1.80 0.067 6.60 + 0.95 0 .041 6 . 64 + .0.99 0 .037
3 16.15 + 2.20 0.036 7.94 + 0.99 0.016 7.90 + 1.17 0. 021
4 17.18 + 1.88 0 .017 8.74 + 1 12 0 .013 8.62 + 1. 28 0 .012
5 17.76 ± 1.87 0 .010 9.14 + 1.14 0.006 8.98 + 1.45 0 .006
6 18 .07 ± 1.-81 0.005 9.29 + 1.12 0 .002 9.16 1. 63 0 .0 0 3
a Mean of 4 animals ± SD
b Rate constant fo r  b i l ia r y  e x c r e t io n  = 0 .0108  min-*
c Rate con stan t fo r  b i l ia r y  ex c r e tio n  = 0.0105 min-*
d Rate constant fo r  b i l ia r y  e x c r e tio n  = 0 .0102  min-*
- 2 3 5 -
TABLE 7 .8
C^O? EXCRETION OF LANDRIN5 IN BILE DUCT
FISTULA RATS FOLLOWING INTRAVENOUS, INTRADUODENAL 
OR INTRAPERITONEAL ADMINISTRATION
Time
a f te r
D osing
(h rs)
IV A dm in istration ID A dm in istration IP A d m in istra tion
A ccum ulative % 
Dose in  b i l e
% Dose 
/min
A ccum ulative % 
Dose in  b i l e
% Dose 
/min
A ccum ulative % 
Dose in  b i l e
% Dose 
/min
1 7.03 0 .1 1 7 10 .10 0. 168 8 .10 0 .135
2 19.27 0 .2 0 4 2 0 .50 0 . 173 10 .80 0 .145
3 28.77 0 .157 26.62 0 .102 22 .10 0 .0 8 8
4 34.97 0 .103 32.42 0.097 25 . 28 0 . 053
5 38.69 0 .062 35.62 0 . 053 27 . 38 0 .035
6 40 .70 0 .035 36.82 0 .0 2 0 28 . 40 0 .0 2 0
Mean o f 2 animals
TABLE 7 .9
• FIRST ORDER RATE CONSTANTS DESCRIBING FORMATION OF 
Ml AND ITS HYDROLYSIS TO GIVE CO?
Route o f  
A dm in istration Km1 (m in-1) 3 K (m in-1) 15 c
IV 0.00729 0 .0693
ID 0.00693 0 .0693
IP 0.00693 -
IV (w ith  b i l e  
dust f i s t u la ) 0.00666
3D (w ith  b i l e  
dust f i s t u la ) 0.00729 -
IP (w ith  b i l e  
duct f i s t u la ) 0.00679 -
i s  the ra te  con stan t fo r  the form ation o f  
h y p o th e tic a l m eta b o lite  b lock  Ml.
K.£ i s  the ra te  con stan t fo r  the h y d r o ly s is  o f  
h y p o th e tic a l.m e ta b o lite  b lock  Ml.
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TABLE 7 g o
CARBARYL PLASMA LEVELS FOLLOWING INTRAVENOUS
(VIA JUGULAR AND HEPATIC PORTAL VIENS) OR 
INTRADUODENAL ADMINISTRATION3
Time
a f t e r
D osing
(min)
C arotid  Plasma L evels (dpm/ml) fo llo w in g
IV A dm in istration
ID A dm inistration^bV ia Jugular Vein Via H epatic P o rta l V einC
2 7,680 + 725 7,320 + 500 1 ,120 i 287
5 4,690 4- 889 4 ,150 + 350 2 ,0 5 0 4 767
10 3,020 4- 452 2, 720 ± 246 1 ,690 ± 470
20 1,650 ± 91 1 ,520 4- 110 1 ,2 2 0 ± 83
40 1,080 ± 73 1 ,040 4* 50 990 db 124
60 930 4- 161 810 4 30 840 4- 73
90 670 ± 209 620 + 57 660 4- 38
120 530 ± 106 460 ± 42 510 4; 17
Dose = 500 pg/Kg (2 yCi per anim al)
Mean o f 4 animals ± SD 
Mean o f 2 anim als ± SD
TABLE 7..11
PARAMETERS FOR BIEXPONENTIAL EQUATION DESCRIBING THE 
DISPOSITION OF AN INTRAVENOUS DOSE OF CARBARYL
Parameter3
(u n its )
IV Dose A dm inistered Via
Jugular Vein^ • • cH epatic P o rta l Vein
A (dpm/ml) 7,930 ± 722 7,500  ± 500
B (dpm/ml) 1 ,550  + 102 1 ,500  ± 250
Cp° (dpm/ml) 9 ,480 ± 803d 9 ,000  ± 500a
a (m in-1) 0 .150  ± 0 .009 0.146 ± 0 . 0 0 7
t j  (min)*CL 4.62 ± 0 . 28 4.76 ± 0 . 1 5
3 (m in-1) 0 . 00899± 0.00077 0 .00950  ± 0 . 0 0 4 1
t | g  (min) 77 ± 6 . 2 72.9 ± 3.2
Area under
Curve (dpm/min/ml) 226,508 ± 18,546 207,956 ± 1 ,114
f 1 0 .92  ± 0 . 01
a Parameters d efin ed  in  te x t  and g lo ssa ry  
b Mean ± SD o f 4 animals
c Mean ± ra n g e .o f 2 animals
d E quivalent to  2 .15 nm oles/m l
e E quivalent to  2 . 04  nm oles/m l
TABLE 7.12
PHARMACOKINETIC PARAMETERS FOR CARBARYL 
DISPOSITION FOLLOWING INTRAVENOUS ADMINISTRATION
Parameter IV Dose A dm inistered V ia
(u n its ) Jugular Vein^ • c . H epatic P o r ta l Vein
kct
(min- * ) 0 .0850 ± 0 .0046 0.0742 ± 0 . 0 1
t2 CT (min) 8.15
\
± 0 . 4 4 9.34  ± 1 . 0
Ktc (m in-*j 0 .0322 ± 0 . 0 0 1 0 0 .0313  ± 0 .0 5
■tJTc (min) 21.55 ± 0 . 68 22 .14  ± 0 . 3 5
T/C 2.65 ± 0 .1 0 2 . 37  ± 0 . 04
^ 1 (min- * ) 0 .0420 ± 0 .00047 0 .0427  ± 0 .0020
fc^EL (min) 16.5 ± 1 . 7 16.23 ± 0 . 7
F c 0 . 21 0.22
v c (n il) 4 . 68 ± 4 4
C1c (ml/min) 19.55 ± 1.62
Vdss (ml) 1 ,704 ± 134 . . ■'
VV <cV>!<=v■i' 2,179 ± 154 2,415 ± 1 9 8
Parameters d efin ed  in  t e x t  and g lo ssa r y  
Mean ± SD o f 4 animals 
Mean ± range o f 2 animals
-2 4 -0 -
TABLE 7.13  
PHARMACOKINETIC PARAMETERS FOR CARBARYL
ABSORPTION FOLLOWING INTRADUPDENAL ADMINISTRATION
Parameter3
(u n its ) C7 C8 C9 CIO Mean
+ SD
ka
(min- * ) 0 .099 0.0554 0.346 0.231 0 . 183 + 0 .114
t A^ (min) 7 12.5 2 3 3 .8
+ 4 .1
TMAX (min) 5 20 5 10 10
+ 6 .1
CpMAX (dpm/ml)k 2 ,500 1,300 3,000 2,400 2 ,3 0 0
+ 620
3 (min--*-) 0 .0090 0.00949 0.00693 0 .0090 0.00831 + 0 .0014
t J 3
(min) 77 73 100 77 83.5 + 10.7
Area under Curve 
(dpm/min/ml)
173,100 162,290 175,650 172,555 170,899 + 5,106
f 0 . 78 0 . 72 0 . 77 0.-76 0 . 76 + 0 .0 2
Vd (mis)"  area
‘
2,824 2,857 3,615 2,833 3,032 + 337
Parameters d efin ed  in  te x t  and g lo ssa r y  
V aries between 0 .29  -  0 . 6 8  nm oles/m l
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TABLE 7.14
FATE OF CARBARYL 48 HOURS AFTER INTRAVENOUS,
INTRADUODENAL OR INTRAPERITONEAL ADMINISTRATION
Route o f  
Adminis tr a t io n
% Dose Recovered3 In
T ota l % 
Recovery
C02 Urine Faeces Body
IV 33. 3  ± 2 . 3 50 . 7  ± 4 . 2 5 . 2  ± 1 . 0 5 . 1  ± 1. 2 93 . 3
ID 32.9 ± 1.3 54 . 4  ± 3 . 8 4 . 6  ± 2 . 1 6 . 0  + 1.9 97 . 9
TP 33.7  ± 2 . 7 49.5 ± 2 . 6 5 . 0  ± 0 . 7 4. 0  + 0 . 9 92 . 2
-
Mean o f 3 anim als ± SD
TABLE 7.15
14 a
C 0? EXCRETION OF CARBARYL FOLLOWING INTRAVENOUS,
INTRADUODENAL OR INTRAPERITONEAL ADMINISTRATION
Time 
a f te r  
Dosing  
(hr.m in)
IV A dm in istration ID A dm in istration IP A dm in istration
Accum ulative % 
Dose as CO2
% Dose 
/min
Accum ulative % 
Dose as C02
% Dose 
/min
A ccum ulative % 
Dose as C02
% Dose 
/min
10 0 . 57 + 0.21 0. 057 0 .0 6 + 0 .02 0 .006 - -
20 1.85 + 0 .3 0 0 .126 0 . 38 + 0. 07 0.032 - -
30 3.40 + 0 . 24 0.155 0 . 92 + 0 .1 0 0 .0 5 4 -
40 5.46 + 0. 21 0.206 1.69 + 0. 24 0.077 - -
50 7.67 + 0. 32 0. 221 2.56 + 0.31 0 .087 -
1 .00 9 . 78 + 0 . 41 0 .211 3 .30 0 . 27 0.074 6 . 0  ± 0 . 3 1 0 .1 0
1 .10 11.56 + 0 . 37 0. 178 4.41 + 0.29 0 .1 1 1 -
1 .20 13.29 + 0 . 48 0 .173 5.56 + 0.31 0.115 - -
1 .30 15.07 + 0.56 0 . 178 6.76 + 0 . 37 0.119 9 . 6  ± 0 . 37 0 . 12
1.40 16.91 + 0.49 0 .184 8.31 + 0.40 0.156 -
1 .50 18.29 + 0.59 0. 138 9.79 + 0. 32 0 . 148 - -
2 .0 0 19.39 + 0. 71 0 .110 11.11 + 0.39 0.132 13.2 ± 0 . 52 0 .12
2. 30 21.75 + 0.89 0.079 14.46 + 0.49 0 .112 -
3 .00 23 . 81 + 1 .10 0.069 16.64 + 0. 51 0.073 18.6 ± 0 .49 0 . 09
3 .30 25.52 ± 1.23 0.057 18.80 + 0 . 43 0.075 -
4 .00 27.02 + 1.51 0 .0 5 0 19.98 + 0.62 0 .037 2 2 .14± 1 .07 0 .059
5 .0 0 29 .00 + 1.73 0 .033 21.67 ± 0. 57 0 .0 2 8 . -
6 .00 30.14 + 2 . 14 0.019 23.05 + 0. 61 0 .0 2 3 2 5 . 82± 1.81 0 .029
8.00 31.10 + ■2.21 0 .007 23.89 + 1.21 0 .007 26.82± 1.73 0 .0 1 0
12.00 32.06 + 2. 24 0 .002 24.85 ± 1.07 0 .002 2 7 . 78± 1 .97 0 .002
24 .00 33.26 + 2 .1 0 ’ 29.36 + 1.17 - 31.90± 2 . 41 -
48.00 33.31 + 2.29 32.9 + 1.30 3 3 .70± 2 . 72
a Mean ± SD o f  3 animals
TABLE 7.16
BILIARY. EXCRETION OF CARBARYL5 FOLLOWING INTRAVENOUS,
INTRADUODENAL OR INTRAPERITONEAL ADMINISTRATION
Time
a f te r
Dosing
(hra)
IV A dm in istration ID A dm in istration IP A dm in istration
A ccum ulative % 
Dose in  b i l e
% Dosg 
/min
A ccum ulative % 
Dose in  b i l e
% Dose 
/m inC
A ccum ulative % 
Dose in  b i l e
% Dose 
/min
i 15. 40 +1 . 70  - 1 .027 8.12 +1.21 0. 540 - -
12 25.33 +1.81 0 .662 15 .00 +1.62 0 .4 5 0 10.13  ± 1 .01 0 . 338
34 29.14 i 2 . 07 0. 254 18.60 + . 2 . 08 0. 240 - -
1 31.76 + 2 . 18 0.175 20 .48 + 2. 07 0.125 15.98 ± 1. 23 0 .195
1] 34.49 +3 .30 0.09.1 23.79 +1.95 0 .110 - -
2 36.21 i 2 . 98 0 .0 5 7 26.04 +2.01 0.075 23 .04  ± 2 . 4 7 0 . 128
3 38.48 + 3.71 0 .032 29.17 + 2.92 0. 048 29 . 38  ± 3.41 0 . 096
4 39.89 i 2 . 78 0 .023 31.06 + 3.24 0 . 028 32.44  ± 2 . 87 0 .0 5 1
5 40 .60 db 2. 71 0.012 32.02 + 2.79 0.016 34.45 ± 2.45 0 .0 3 3
• 6 41.11 i 2 .85 0 .0 0 8 32.56 + 2.82 0.009 35.35 ± 2 . 13 0 .015
Mean o f 4 anim als ± SD , ' ■
b a = 0 .0 4 6 2 , 3 = 0 .00866
C a = 0 . 0462 ,  3 = 0.00825
d I n s u f f ic ie n t  data p o in ts  to determ ine a , 3 = 0 .00729
TABLE 7.17
1*+
C ° 2 EXCRETION OF CARBARYL5 IN BILE DUCT 
FISTULA RATS FOLLOWING INTRAVENOUS, INTRADUODENAL 
OR INTRAPERITONEAL ADMINISTRATION
Time
a fte r
Dosing
(hr)
IV A dm in istration ID A dm in istration IP A dm in istration
A ccum ulative % 
Dose in  b i l e
% dose 
/min
A ccum ulative % 
Dose in  b i l e
% Dose 
/min
A ccum ulative % 
Dose in  b i l e
% Dose 
/min
J 1 .45 0 .0 4 8 0 . 6 8 0 .0 2 3 . -
1 4 . 34 0.096 2 . 47 0 .0 6 0 3 .01 0 .0 5 0
u 7.37 0 .101 3. 98 0.049 - -
2 9 . 6 6 0 .076 6.72 0 .096 7 .4 0 . 073
3 ' 13.56 0 .052 10 .51 0 .0 5 8 10 .4 0 .0 5 0
4 15.95 0 .032 12.77 0.029 12.62 0 .0 3 7
5 • 17.15 0 .020 13.85 0 .0 1 8 14.06 0 .0 2 4
6 1 8 .1 1 0.016 14.51 0 .011 15 .08 0 .0 1 7
a Mean o f  2 animals
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TABLE 7.18
FIRST ORDER RATE CONSTANTS DESCRIBING FORMATION 
OF Ml AND ITS HYDROLYSIS TO GIVE CO?
Route o f  
A dm in istration V  ( - i n - 1) 3 Kc (m in -1)1*
IV 0.00653 0 .0533
ID 0.00770 ,0 /4 0 8
IP 0.00577 -
IV. (w ith b i l e  
duct f i s t u la ) 0.00729 -
ID (w ith b i l e  
duct f i s t u la ) 0 .00770 -
IP (w ith b i l e  
duct f i s t u la ) 0 .00603 -
*M1 i s  the r a te  co n stan t fo r  the form ation o f  
h y p o th e tic a l m eta b o lite  b lock  Ml
b i s  the ra te  con stan t fo r  the h y d ro ly s is  
o f h y p o th e tic a l m eta b o lite  b lock  Ml.
- 2 4 6 -
CHAPTER EIGHT
FINAL DISCUSSION
FINAL DISCUSSION
The in v e s t ig a t io n s  d escrib ed  in  th is  th e s is  were designed  to study  
the e f f e c t  of  m olecular m o d ific a tio n  on the k in e t ic s  o f  a b so rp tio n , d is ­
t r ib u t io n  m etabolism  and e x c r e tio n  o f s e le c te d  carbamates in  r a t .
Few s tu d ie s  have been reported  w herein the goal was to  d e fin e  sub­
s t i t u e n t  group e f f e c t s  on the t o t a l  drug-organism  in te r a c t io n .  S tru ctu re -  
a c t iv i t y  s tu d ie s  are u su a lly  con fined  to pharm acological resp on se and com parative  
k in e t ic  s tu d ie s  are l im ite d . T herefore p rogress in  "optim ising"  drug 
therapy i s  lim ite d  by the contemporary lack  o f  understanding o f  the ro l.e  
o f p h ysico -ch em ica l fa c to r s  in  c o n tr o ll in g  th e  above p ro cesses  and 
th e r e fo r e  the tim e course o f a drug a t i t * s  recep to r  s i t e .
The carbamates used in  th is  study were s e le c te d  fo llo w in g  c a r e fu l  
co n sid era tio n  o f  the v a r ia b le s  th a t would be encountered . These in clu d ed  
r e la t iv e  s o l u b i l i t i e s  in  l ip id  and -acppou^nvironments and th e  a b i l i t y  to  
bind to  p ro te in  and l in o id a l  t i s s u e s .  The a l ip h a t ic  carbamates have the  
a d d it io n a l advantage o f  bein g  n o n -io n isa b le  and s ta b le  in  aqueous so lu ­
t io n . The employment o f a homologous s e r ie s  enabled  the in tr o d u c tio n  o f  
d efin ed  increm ental changes in' th ese  p r o p er tie s  by in c r e a s in g  the chain  
len g th  step w ise  by one m ethylene group. A fter  e s ta b lis h in g  trends w ith  
the hom ologues, the e f f e c t s  o f N -m ethy la tion , presence o f  arom atic r in g s  
and s t e r i c  fa c to r s  could be examined by the in tr o d u c tio n  o f one a d d it io n a l  
parameter a t  a tim e.
The r e la t iv e  a b i l i t y  o f the carbamates to  permeate b io lo g ic a l  mem­
branes was determ ined by measuring absorption  r a te s  across the g a s t r ic  
and in t e s t in a l  mucosa. According to  Schanker (1962) the membranes su rr ­
ounding a l l  c e l l s  are l ip o id  in  ch aracter  and th ere fo re  e x h ib it  s im ila r  
p erm ea b ility  p r o p e r t ie s . This was found n o t to  be th e case fo r  the per­
meation o f  the homologous carbamates across the g a s t r ic  and in t e s t in a l  
membranes o f  r a t .
Using the averted  gut sac  method, the tr a n s fe r  r a te s  across the  
in t e s t in a l  mucosa shows a c le a r  r e la t io n s h ip  w ith  p a r t i t io n  c o e f f i c i e n t .
The absorption  ra te  o f the carbamate hom ologues, w ith  p a r t it io n  coe­
f f i c i e n t s  le s s  than ten (C  ^ -  C ,^), showed on lin e a r  dependance on chain  
len g th . However th e carbamate homologues w ith  h igh er  p a r t it io n  coe­
f f i c i e n t s  (Ct- -  Cg) show a p r o g r e ss iv e  d e c lin e  in  th e ir  ab sorption  
r a te s .  A n a ly sis  o f  the carbamate bound to /w ith in  the t is s u e  and the lag  
p eriod s p r io r  to  attainm ent o f  a stea d y  tr a n sfer  ra te  showed th a t th is  
p a ra b o lic  r e la t io n s h ip  would be ex p la in e d , in  p ar t ,  by p r e fe r e n t ia l  
b in d in g  w ith in  the gut sac  t i s s u e  o f  the longer chain hom ologues.
I n te s t in a l  absorption  r a te s  were a lso  determ ined in  s i t u . Again a 
p a ra b o lic  r e la t io n s h ip  was observed between the ab sorp tion  ra te  and 
p a r t it io n  c o e f f i c ie n t  o f  the carbamate hom ologues. However w ith  th ese  
experim ents t is s u e  b in d in g  was n o t s ig n i f ic a n t  fo r  any o f the carbamate 
s tu d ie d . A s im ila r  r e la t io n s h ip  was a lso  e s ta b lis h e d  fo r  a s e r ie s  o f  
N -m ethylated carbam ates.
Hansch and C layton (1973) have argued that the l in e a r  r e la t io n s h ip  
o ften  observed, between a b io lo g ic a l  response and th e  logarithm  o f  the  
p a r t it io n  c o e f f i c ie n t  ( lo g  P) o f  a s e r ie s  o f  drugs i s  only p art o f a 
more gen era l p a ra b o lic  r e la t io n s h ip . They propose th a t during a 
"random walk" to  the s i t e  o f a c t io n , drugs tend to  become lo c a l i s e d  in
e i th e r  an aqueous ( i f  they p o ssess  a low lo g  P) or l ip o id  (h igh  lo g  P)
environm ent and lo g  Pq rep resen ts  a va lu e  where in te r fe r e n c e  w ith  a 
drugs passage to  i t ’s s i t e  o f  a c t io n  w i l l  be m inim al. The carbamates 
s tu d ied  are n eu tra l m olecules and any b in d in g  in te r a c t io n  w ith  macro- 
m olecu les would probably be n o n -s p e c if ic  and to  a la r g e  e x te n t ,  hydro- 
phobic in  n atu re.
-  In order to  a s se s s  the r e la t iv e  importance o f  such in te r a c t io n s  
the b in d in g  o f  the carbamate homologues to  bovine serum albumin (BSA) 
was in v e s t ig a te d . I t  was found th a t  the percentage o f  carbamate bound
to  BSA in crea sed  as the chain le n g th  o f  th e carbamate was extended  but
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the a f f in i t y  for  th is  in te r a c t io n  was sm all (<10 M).
The in te r a c t io n  o f  carbamates w ith  a l ip o id a l  b in d in g  s i t e  was 
a ls o  s tu d ied . The- h e p a tic  microsomal cytochrome P-450 i s  regarded as 
the a c t iv e  s i t e  fo r  o x id a tiv e  m etabolism  and the s p e c tr a l ly  determ ined  
d is s o c ia t io n  cons tan tar are b e lie v e d  to  r e f l e c t  the M ichaelis-M enton co n sta n ts
fo r  enzym e-substrate in te r a c t io n . The a f f in i t y  o f  th e  carbamate homo­
logues fo r  cytochrome P-450 a lso  showed a lin e a r  dependance upon 
l ip o p h i l ic i t y .  >
T herefore, there i s  no c o r r e la t io n  between th e in t e s t in a l  absor­
p tio n  r a te s  fo r  the carbamate homologues and t h e ir  a b i l i t y  to bind to  
p r o te in  or l ip q id  m acrom olecules. . This su g g ests  th a t l i p o p h i l i c i t y  
i s  o f  g rea te r  importance in  p r e d ic t in g  r e la t iv e  in t e s t in a l  ab sorp tion  
ra te s  than b in d in g  parameters a re , and co n tra sts  w ith  the con c lu sio n s  
o f  Kakemi, e_t_al (1967a, 1967b and 1969) .  They reported  th a t the  
in t e s t in a l  absorption  ra tes  o f  a s e r ie s  o f b a rb itu ra te s  appeared n o t to  
be r e la te d  to  l i p o p h i l i c i t y  but in s te a d  co r r e la te d  w ith  th e a b i l i t y  o f  
th ese  compounds to bind th e  bovine serum albumin and ra t in t e s t in a l  
mucosa. These authors su ggested  th a t b ind ing to the mucosa was the 
r a te  determ ining s tep  in  the absorption  o f th e se  compounds. This i s
c le a r ly  n o t the ex p lan ation  o f  the p resen t fin d in g s  fo r  the a f f i n i t i e s
. Qo f  a lip h a t ic  carbamates fo r  bovine serum albumin are linearly dependent 
upon p a r t it io n  c o e f f i c ie n t  in d ic a t in g  th a t there i s  no apparent corre­
la t io n  between the in t e s t in a l  ab sorption  o f th ese  carbamates and th e ir  
a f f in i t y  fo r  p r o te in s . Furthermore, th ese  in v e s t ig a t io n s  dem onstrate  
th a t the fu n ctio n  o f  plasma p r o te in  b in d in g  as a v e h ic le  does n o t  
e f f e c t  the absorption  o f carbamates from the sm all in t e s t in e .
The in  v i t r o  in t e s t in a l  absorption  data showed th a t there was a 
p r o g r e ss iv e  in c r e a se  in  t is s u e  accum ulation o f  carbamate as th e  chain  
len g th  was extended. This p r e fe r e n t ia l  lo c a l i s a t io n  in  the l ip o ­
p r o te in  environm ent o f  the in t e s t in a l  w a ll r e s u lte d  in  a slow er per­
m eation r a te ,  and th is  was in  keep ing w ith  the p a ra b o lic  p r e d ic t io n s  o f  
Hansch and C layton (1973). However such reason ing cannot be a p p lied  to  
the in  s i t u  r e s u lt s  where an in t& ct b lood  supply reduces the t is s u e  
l e v e ls  o f carbamate to  n e g l ig ib le  amounts.
S evera l exp lan ation s for  the in  s i t u  in t e s t in a l  ab sorp tion  data  
can be e lim in a ted . There i s  no ev idence fo r  the involvem ent o f  an a c t iv e  
p rocess and the p o s s i b i l i t y  th at there i s  a change in  the s o lv a t io n  
p ro p er tie s  o f  th ese  compounds w ith  in c r e a s in g  chain le n g th  has been
d iscou n ted  s in c e  th ere i s  no ev idence fo r  carbam ate-m icelle  form ation . 
Furthermore the g a s t r ic  absorption  o f th ese  compounds shows a l in e a r  
dependence on p a r t it io n  c o e f f i c ie n t  w ith in  the range o f 0 .1  -1 0 0 0 . 
M etabolism  by the gut w a ll was n ot re sp o n sib le  fo r  the p a r a b o lic  
r e la t io n s h ip ,  as there was no d e te c ta b le  m etabolism  o f  any o f the 
a lip h a t ic  carbamates (R-O-CO-NH^ or R-O-CO-NH-CH^) u sin g  the gut sa c  
tech n iq u e .' Although arom atic N-methyl carbamates have been shown to  
be m etabdised in  v i t r o  by in t e s t in a l  t is s u e  (Pekas, 1971a and 1971b), 
ev idence was p resen ted  in  Chapter 7 th a t th is  does not occur in  v iv o  
The fin d in g s  o f  Pekas are p o s s ib ly  a r t ifa c t s  o f the in -v itro  system  in  
view  o f  the e x te n s iv e  t i s s u e  accum ulation observed w ith  th ese  prepara­
t io n s .  In v iv o  t r a n s it  time though the in t e s t in a l  mucosa may be too  
rapid  fo r  any p o s s ib le  m etabolism .
The most appropriate model to  d escr ib e  th e observed in t e s t in a l  
absorption  trends w ith  change in  l i p o p h i l i c i t y ,  would appear to be a 
two compartment system  where a h y d r o p h ilic  b a r r ie r  in  a d d itio n  to  a
l ip o id  membrane determ ines the ra te  o f  ab sorp tion . U sing such a model
fo r  th e R-O-CO-MH  ^ s e r i e s ,  the r e s u lt s  could be in te r p r e te d  as fo l lo w s .
The lower homologues (C  ^ -  C^) p o sse ss  a h igh  aqueous s o lu b i l i t y  and
th ere fo re  the h y d ro p h ilic  b a r r ie r  i s  n o t a r a te - l im it in g  o b s ta c le  and 
the ra te  o f  ab sorption  i s  th ere fo re  p ro p o rtio n a l to th e p a r t i t io n  coe­
f f i c i e n t  o f  the carbamate. The s o lu b i l i t y  o f  the h igh er  homologues 
(Cj. -  Cg) in  the h y d ro p h ilic  b a r r ie r  i s  low and th ere fo re  th e  sim ple  
p a r t it io n in g  dependency breaks down and th e ir  aqueous s o l u b i l i t i e s  then  
become ra te  l im it in g .  The absorption  trends^ o f  the N-methyl carbamates 
can^be s im ila r ly  ex p la in ed .
The nature o f  th is  proposed h y d r o p h ilic  b a r r ie r  remains u n cer ta in . 
The g ly c o ca ly x x  (B ennett, 1963) could w e l l  a c t  as a h y d r o p h ilic  b a r r ie r  
o f  th is  type s in c e  i t  i s  known to  be c le a r ly  a s so c ia te d  w ith , or p o s s ib ly  
even p art o f ,  the plasma membrane o f the m ic r o v i l l i  ( I t o ,  1969) o f  the  
sm all in t e s t in e .  Another co n tr ib u to r  to th is  h y d r o p h ilic  b a r r ie r  could  
be aqueous u n stirred  d if fu s io n  la y e rs  p o s tu la te d  by Suzuki e t  a l  (1970a  
and 1970b), Ho e t  a l (1972) and Flynn and Yalkowsky (1972) .  The u n stir r e d  
w ater la y ers  which are adjacent to  the membrane are con sid ered  by th ese
authors to be aqueous b a rr ier s  s in c e  they are not in  eq u il ib r iu m  w ith  
tha bu lk  s o lu t io n  in  the lumen. The importance o f  such d i f f u s io n  
layers  has been im p lica ted  for  buccal (Ho and Higuchi, 1971; Vora, e t  a l , 
1972) and i n t e s t i n a l  (Wilson, e t  a l , 1971; Flynn and Yalkowsky, 1972) 
absorption . However, i t  i s  c l e a r ly  d i f f i c u l t  to a s se ss  the importance  
o f  th ese  m s t i r r e d  layers  in  v iv o .
Although the absorption ra tes  o f  the non-methylated and N- 
m ethylated carbamates both showed a p a ra b o lic  dependence upon p a r t i t i o n ,  
they did n o t  share the same lo g .P  ... The d if f e r e n c e  between the two 
va lu es  was n ea r ly  one order o f  magnitude and the reason for  th is  
apparent d iscrepancy may be due to a d if f e r e n c e  in  the i n t r i n s i c  proper­
t i e s  o f  the two s e r i e s .  Such a d if fe r e n c e  would prolong the l in e a r  
dependence between absorption ra te  and l i p o p h i l i c i t y .  The p o s s i b l e  
reduction  in  hydrogen bonding cap ac ity  o f  the carbamate group fo l lo w in g  
N -m ethylation , suggested  by the IR sp ec tra  o f  these compounds, could  
account fo r  t h is  d i f f e r e n c e .  I t  i s  in t e r e s t i n g  to n o te  that Nogami, 
e t  a l  (1968b) have demonstrated th a t  th e  absorption r a te  o f  fo r e ig n  
compounds could be decreased by the a d d it ion  o f  a s u b s t i tu e n t  group w ith  
hydrogen banding p r o p e r t ie s .  They found a co r r e la t io n  between the e x te n t  
to which the ra te  o f  i n t e s t i n a l  absorption  was decreased and th e  ca p a c ity  
o f  the s u b s t i tu e n t  groups to form hydrogen bands with the surrounding  
water m olecu les .  S te in  (1967) has po in ted  out s im ila r  c o r r e la t io n s  
u sin g  the data o f  Collander (1949) on the p erm eab il ity  o f  p la n t  c e l l s .
S t e r i c  fa c to r s  a ls o  appear to  p lay  a r o le  in  determining the r a te  
o f  i n t e s t i n a l  absorption o f  fo re ig n  compounds. Although i s o - b u t y l  andi - . ..-mi-
benzyl carbamate are absorbed at r a te s  which are p r e d ic ta b le  from t h e ir  
p a r t i t i o n in g  p r o p e r t ie s ,  the three t e r t i a r y  branched carbamates are 
absorbed slow er than was expected. In view o f  the two d i s t i n c t  parabolas  
formed by each carbamate s e r ie s  i t  i s  p o s s ib le  th a t  the t e r t i a r y  carbam­
a tes  form a th ird  s e r i e s .  Further work i s  needed to e lu c id a t e  th is  
p o s s i b i l i t y .
I t  i s  o f  i n t e r e s t  that the lower carbamates o f  both  se r ie s ,  w ith  
p a r t i t i o n  c o e f f i c i e n t s  l e s s  than ten  f i t  the same s t r a ig h t  l i n e .  This 
l i n e  may be regarded as rep resen ting  the fundamental r e la t io n s h ip  between  
p erm eab il ity  and l i p i d  s o l u b i l i t y  and the departure p o in ts  from th is  l in e
r e s u l t  from the superim posit ion  o f  o ther  v a r ia b le s .  The v a l i d i t y  o f  
t h i s  concept i s  supported by the g a s t r i c  absorption  data. The r a te  con­
s ta n t s  fo r  absorption from the stomach are one to  two ordexs o f  magnitude 
slow er than those from the i n t e s t i n e  and t h i s  r e f l e c t s  the d i f f e r e n c e  
in  su rface  area. However the  s lop e  o f  the l in e  r e la t in g  the r a te  con­
s ta n t  to p a r t i t i o n  c o e f f i c i e n t  i s  very s im ila r  fo r  both organs.
The g a s t r ic  absorption  o f  carbamates appears to  be a much s im p ler  
process  than i n t e s t i n a l  absorp tion . R egression  a n a ly s is  showed th a t  the  
absorption  r a te  constants  for  the N -u n su b stitu ea ted , N-methylated and 
branched chain carbamates could be r e la te d  to  p a r t i t i o n  c o e f f i c i e n t  by 
the same l in e a r  equation . Although s ig n s  o f  p la tea u in g  were observed in  
the ra te  constants  fo r  the compounds w ith  p a r t i t i o n  c o e f f i c i e n t s  w ith in  
the range o f  100^ -1 ,000 , i n s u f f i c i e n t  data was a v a i la b le  in  t h i s  area to  
s t a t i s t i c a l l y  a s se s s  whether the r e la t io n s h ip  was p a r a b o lic .  However, 
i f - a ' l o g ' P  e x i s t s  for  the g a s t r ic  absorption  o f  carbamates i t  i s  in  the  
reg ion  o f  3, considerab ly  h igher  than th a t  observed for  i n t e s t i n a l  
absorption .
The concept o f  an optimal p a r t i t i o n  c o e f f i c i e n t  f o r i n t e s t i n a l  
absorption o f  th e  carbamates has been d iscu sse d  above in  terms o f  a two 
compartment model where a h y d ro p h il ic  b a r r ie r  and a l i p o i d a l  membrane 
con tro l the r a te  o f  absorption . The g a s t r i c  absorption  ra te s  appear n o t  
to be l im ite d  by such a h y d r o p h i l ic  b a r r ie r .  The g ly c o c * ly x ,  a p o s s ib le  
candidate fo r  th is  b a r r ie r ,  has been su ggested  to  p lay  a fu n c t io n a l  p a rt  
of the periphery of  a l l  c e l l s  (P ease , 1966; Rambourg e t  a l , 1966) but i t ’ s 
e f f e c t i v e n e s s  as a b a r r ie r  to d i f f u s in g  m olecules appears to  be mere s i g ­
n i f i c a n t  w ith in  the convolutions o f  the sm all i n t e s t i n e  than on the 
r e l a t i v e l y  f l a t  su rface  o f  the stomach. S im i la r ly ,  the importance o f  
aqueous u n st ir r e d  d i f f u s io n  la y e r s ,  may d i f f e r  between the two organs.
The e f f e c t  o f  Tween 80 on carbamate absorption  a ls o  d i f f e r e d  b e t ­
ween the two organs. I n t e s t i n a l  absorption  r a te s  were not a f f e c t e d ,  y e t  
the g a s t r ic  mucosal membrane appeared to  be a l t e r e d  by t h is  n o n - io n ic  
d etergen t .  I t  i s  p o s s ib l e  th a t  the presence o f  an a d d it io n a l  h y d r o p h i l ic  
b a r r ie r  prevents  access  o f  Tween 80 to the l i p o i d a l  b a r r ie r  and conse­
qu en tly  only  the g a s t r ic  mucosa i s  a f f e c t e d .
Kakemi and coworkers have reported d if fe r e n c e s  in  the g a s t r i c  and 
i n t e s t i n a l  absorption  trends o f  b arb itu ra tes  (Kakemi, e t  a l , 1965 and 
1967) and other io n is a b le  drugs (Kakemi, e t  a l , 1969; Suzuki, e t  a l ,  
1972). In agreement w ith  the f in d in g s  reported h ere , they concluded  
that g a s t r ic  absorption  was a simple p a r t i t io n in g  process but i n t e s t i n a l  
absorption in vo lved  other p ro cesses  in  ad d it ion  to  p a r t i t i o n in g .
I t  i s  u n l ik e ly  th a t  a compound could be produced whose p h y sico ­
chemical p ro p er t ie s  r e s u l te d  in  f a s t e r  absorption from the stomach than 
the i n t e s t i n e .  However i t  i s  conceivab le  th a t  a drug would be t o t a l l y  
absorbed from the stomach b efo re  i t  could e n te r  the duodenum. These 
con s id era tion s  may be o f  importance in  drug design; for  example, when 
metabolism o f  a drug by the i n t e s t i n a l  m icro flora  or mucosa occurs or
when there i s  a d e lay  in  g a s t r i c  emptying time.
The absorption  behaviour of carbenoxolone p resen ts  ev idence in  
favour o f  the p o s s ib le  u n iv e r sa l  a p p l ic a t io n  o f  t h e " l ip o p h i l i c i t y  
parabola" in  c o n tr o l l in g  i n t e s t i n a l  absorption . I t  has been demonstrated  
th a t  t h i s  weak a c id ,  contrary to the p H -p artit ion  h y p o th e s is ,  was 
absorbed f a s t e r  in  i t ’ s io n is e d  form. The probable reason fo r  th is  
behaviour i s  that the p a r t i t io n in g  p ro p er t ie s  o f  the io n is e d  s p e c ie s  
allow  easy passage through the h y d ro p h il ic  and lipo id& l b a r r i e r s ,  whereas 
the permeation o f  the u n ion ised  s p e c ie s  i s  l im ite d  by i t ’ s low s o l u b i l i t y
in  the h y d ro p h il ic  b a r r ie r .  The compounds used in  form ulating the pH-
p a r t i t io n  h ypothesis  p o ssessed  p a r t i t i o n in g  p ro p ert ie s  on the p o s i t i v e  
s lo p e  o f  the " l i p o p h i l i c i t y  parabola" and consequently the u n ion ised  
form was p r e f e r e n t i a l l y  absorbed s in c e  i t ’ s p ro p e r t ie s  were n earer  the
apex o f  the parabola than those o f  the io n is e d  form. I t  i s  probable th a t
other drugs e x i s t ,  which l i k e  carbenoxolone p o sse s s  p a r t i t i o n in g  prop-
• • ( ( • • • • '  •*e r t i e s  on the n eg a t iv e  s lop e  o f  the l i p o p h i l i c i t y  parabola  and would
th ere fore  a lso  e x h ib i t  th i s  phenomenon.
In view of the co n tra s t in g  absorption  behaviour observed w ith  the  
carbamates using the stomach and i n t e s t i n e ,  i t  would be o f  i n t e r e s t  to 
know whether carbenoxolone i s  absorbed in  the io n is e d  or n o n - io n ise d  
s t a t e  from the stomach.
Once the carbamate has been absorbed in to  the body, i t ' s  d i s ­
p o s i t io n  in  a h ig h ly  id e a l i s e d  model might be envisaged  as fo l lo w s :  
an in cr ea se  in  chain length  r e s u l t s  in  an in cr ea se  in  t i s s u e  d is t r ib u t io n  
(based on the p r o te in  and l i p i d  b inding s tu d ie s )  however t h is  i s  a lso  
accompanied by an in cr ea se  in  the metabolism rate  (based on the h ep a t ic  
microsomal s t u d i e s ) .
In order to t e s t  the a p p l ic a t io n  o f  the above to the in  v iv o  
s i t u a t io n ,  a pharmacokinetic p r o f i l e  was carr ied  out u s in g  Carbaryl and 
Landrin. These two commercially a v a i la b le  N-methyl carbamate i n s e c t i ­
c id es  have s im ila r  p a r t i t i o n  c o e f f i c i e n t s ,  'and absorption  ra te s  are 
s im i la r  when determined by e i t h e r  the in  s i t u  method or from b lood  
l e v e l s .
The pharmacokinetic two compartment open model was found to  
adequately d escr ibe  the d i s t r ib u t io n  and e l im in a t io n  o f  both compounds. 
However the ra te  constants c o n tr o l l in g  the d is t r ib u t io n  o f  the carbamates 
from the c en tra l  compartment to  the  t i s s u e  compartment d i f f e r e d  con­
s id e r a b ly .  The r a t io  o f  the amount o f  carbamate in  the t i s s u e  compart­
ment to th a t  in  the c e n tr a l  compartment was 2 .6  fo r  Carbaryl and 1 .4  fo r  
Landrin. Consequently the volumes o f  both compartments were la r g e r  for  
Carbaryl than Landrin— the t o t a l  apparent volume o f  d i s t r ib u t io n  a t  
steady s t a t e  eq u ilib r iu m  was 42% and 25% o f  body w e ig h t ,  r e s p e c t i v e ly .  
L iver uptake and enfero-hepatic c i r c u la t io n  was a lso  more important for  
Carbaryl than Landrin, as a s se sse d  by the in f lu e n c e  o f  the f i r s t  pass  
through the l i v e r  and the e x te n t  o f  b i l i a r y  e x c r e t io n .
The o v e r a l l  e l im in a t io n  r a te  o f  both carbamates from the c e n tr a l  
compartment were s im i la r ,  r e s u l t in g  in  almost id e n t ic a l  b i o l o g i c a l  h a l f -  
l i v e s .  Landrin and Carbaryl were both e l im in a ted  p r im arily  by metabolism  
and the ra te  constants  fo r  the formation o f  two h y p o th e t ic a l  b lock s  o f  
m eta b o lite s  were s im ila r  fo r  both compounds. N either carbamate appeared 
to  be d i r e c t ly  hydrolysed to  th e  phenol and carbon d iox id e  by the l i v e r  
or at any other s i t e  o f  metabolism.
The in v e s t ig a t io n s  d isc u sssd  above s t r e s s  the importance o f  
e s t a b l i s h in g  fundamental p r in c ip le s  for  p r e d ic t in g  the k in e t i c s  of 
membrane transport and t i s s u e  lo c a l i s a t i o n  of fo re ig n  compounds. The 
g a s t r o in t e s t in a l  absorption s tu d ie s  have p o in ted  to the dangers in v o l ­
ved in  assuming th a t  a l l  body membranes behave s im i la r ly .  This has 
been confirmed by the pharmacokinetic in v e s t ig a t io n s  using  compounds 
w ith  s im i la r  l i p o p h i l i c  p r o p e r t ie s .  In order to f u l l y  e lu c id a te  the  
r o le  o f  p h ysico -chem ica l p ro p e r t ie s  in  c o n tr o l l in g  the time course o f  
a drug and i t ' s  m eta b o lite s  a grea t  deal more work i s  needed. In view  
of^ u se fu ln ess  o f  carbamate s e r i e s  as model compounds, fu r th er  ex ten ­
s io n  o f  the work p resen ted  here would seem p r o f i t a b le .
Further in v e s t ig a t io n s  using  carbamates w ith  p a r t i t i o n  c o e f f i c i e n t s  
grea ter  than 100 would c l a r i f y  the lo g  Pq obtained for  the i n t e s t i n a l  
absorption o f  the N-methylated and branched chain carbamates and 
e lu c id a te  the log  Pq fo r  g a s t r i c  absorption . Studies on the  absorption  
o f  the carbamate s e r i e s  from the la r g e  i n t e s t i n e  would help  e s t a b l i s h  
the ro le  o f  the m i c r o v i l l i  in  determining the importance o f  the hydro­
p h i l i c  b a r r ie r  along the e n t ir e  length  o f  t h e .g a s t r o i n t e s t i n a l  t r a c t .
In order th a t  the l i p o p h i l i c i t y  parabola may-be properly  a s se s s e d  as a 
true b i o l o g i c a l  phenomenon, fu rth er  in v e s t ig a t io n s  must be ca rr ied  out 
w ith  other homologous s e r ie s  and w ith  l i p o p h i l i c  io n is a b le  drugs.
Pharmacokinetic p r o f i l e s  o f  the carbamate homologues would a llow  
assessm ent o f  the r o le  o f  p a r t i t i o n  c o e f f i c i e n t s  and other chemical 
p r o p e r t ie s - in  drug d is t r ib u t io n .  These s tu d ie s  in  conjunction w ith  a 
knowledge o f  the m etab o lic  p a ttern  and p o s s ib le  e n te r h e p a t ic  c i r c u la t io n  
would enable u se fu l  in form ation to  be gained on the fa c to r s  which d e te r ­
mine the b i o l o g i c a l  h a l f - l i v e s  o f  drugs.
Such s tu d ie s ,  could have far  reaching consequences on the fu tu re  
development o f  ‘drug d es ig n . In view o f  the in v e s t ig a t io n s  d escr ib ed  in  
th is  t h e s i s ,  the current trend o f  producing more l i p i d - s o l u b l e  d e r iv a t iv e s  
may be erroneous.
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